
Light Meson Studies at BESIII

Xiaoqing Yuan

Institute of High Energy Physics, CAS
(On behalf of the BESIII Collaboration)

14-25 March 2022, Mainz (Remotely)
Hadron Spectroscopy: The Next Big Steps

MITP 2022 Light Meson Studies at BESIII 1 / 21



Outline:

1 η/η′ Physics

2 η/η′ Samples at BESIII

3 η/η′ Meson Studies
η′ → π0π0π0π0

η′ → γγη
η′ → π+π−e+e−

η′ → π+π−µ+µ−

Absolute Branching Fractions of η Decay Modes

4 Summary and Outlook

MITP 2022 Light Meson Studies at BESIII 2 / 21



η/η′ Physics

Both η and η′ play an important role in understanding the low energy quantum
chromodynamics (QCD).

Decays of the η/η′ probe a wide variety of physics issues, such as π0-η mixing,
light quark masses and pion-pion scattering.

In particular the η′ meson, much heavier than the Goldstone bosons of broken
chiral symmetry, plays a special role as the predominant singlet state arising from
the strong axial U(1) anomaly.

In addition, the decays of both η and η′ mesons are used to search for processes
beyond the Standard Model (SM) and to test fundamental discrete symmetries.

η Decays Physics Highlights η′ Decays Physics Highlights
η → γγπ0 ChPT η′ → ππ CPV

η → γB
Leptophobic
dark boson η′ → γγ Chiral anomaly

η → π0π0π0 mu-md η′ → γππ Box anomaly
η → π+π−π0 mu-md , CV η′ → π+π−π0 mu-md , CV
η → γγγ CPV η′ → π0π0η cusp effect
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η/η′ from J/ψ Decays at BESIII
𝜼/𝜼′ from 𝐉/𝛙 decays

� High production rate of light mesons in 𝑱/𝝍 decays

� 𝜼/𝜼′ from 𝑱/𝝍 radiative decays
9 𝟕. 𝟐 × 𝟏𝟎𝟔 𝜼′
9 𝟐. 𝟒 × 𝟏𝟎𝟔 𝜼

� 𝜼/𝜼′ from 𝑱/𝝍 hadronic decays (e.g. 𝑱/𝝍 → 𝝓𝜼 )
9 𝟓 × 𝟏𝟎𝟓 𝜼′
9 𝟑 × 𝟏𝟎𝟓 𝜼

� Large data samples and unique opportunity to investigate the decays of 𝜼/𝜼′2020/6/10 FPCP 2020 6

BESIII: 10 Billion

J/ψ→γη’
J/ψ→ϕη’
J/ψ→ωη’

J/ψ→γη
J/ψ→ϕη
J/ψ→ωη

1.3 billion J/ψ events (collected in 2009 and 2012)
- η/η′ from J/ψ radiative decays: 6.8× 106η′, 1.4× 106η
- η/η′ from J/ψ hadronic decays: 8.5× 105η′, 3.3× 106η

More data collected since 2018, 10 billion J/ψ events in total now
Unique opportunity to investigate the decays of η/η′.
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Recent Works on η/η′ Meson Studies at BESIII

Based on 1.3 billion J/ψ events:
- η′ → π0π0π0π0

- η′ → γγη
- η′ → π+π−e+e−

- η′ → π+π−µ+µ−

Based on 10 billion J/ψ events:
- Absolute branching fractions of η decay modes
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η′ → π0π0π0π0

Suppressed due to S-wave CP-violation.
CP-conserving higher-order contributions:

- D-wave pion loop
- Production of two f2 tensor mesons

D-wave contribution[1]:
- At the level of 10−8

- Based on ChPT and VMD models
Upper limits obtained by GAMS-4π[2]:

- 3.2× 10−4 at the 90% C.L.

[1] Feng-Kun Guo, Bastian Kubis, and Andreas Wirzba, Phys.
Rev. D 85, 014014 (2012).

[2] S. V. Donskov et al., Mod. Phys. Lett. A 29, 1450213 (2014).
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Using a sample of 1.31 × 109 J/ψ events collected with the BESIII detector, we perform a search
for the rare decay η′ → 4π0 via J/ψ → γη′. No significant η′ signal is observed in the 4π0 invariant
mass spectrum. With a Bayesian approach, the upper limit on the branching fraction is determined
to be B(η′ → 4π0) < 4.94 × 10−5 at the 90% confidence level, which is a factor of six smaller than
the previous experimental limit.

I. INTRODUCTION

The η′ meson has a special role in improving the un-
derstanding of low-energy Quantum Chromodynamics
(QCD), and studies of its decays have attracted consid-
erable theoretical and experimental attention [1, 2]. In
addition to its important role in testing the fundamental
discrete symmetries and searching for processes beyond
the Standard Model (SM), η′ decays offer unique oppor-
tunities to test chiral perturbation theory (ChPT) and
the vector-meson dominance (VMD) model.

In theory, η′ → 4π0 is a highly suppressed decay be-
cause of the S-wave CP -violation. In the light of an effec-
tive chiral Lagrangian approach, the S-wave CP -violation
in η′ → 4π0 is induced by the so-called θ-term, which is
an additional term in the QCD Lagrangian to account
for the solution of the strong-CP problem. It was found
that the S-wave CP -violation effect contributed to this
decay is at a level of 10−23 [3, 4], which is far beyond
current experimental sensitivity. However, higher-order
contributions, involving a D-wave pion loop or the pro-
duction of two f2 tensor mesons (see Fig. 1), provide a
CP -conserving route through which the decay can occur.
By ignoring the tiny contribution from the latter process,
calculations based on ChPT and VMD models predict
the branching fraction caused by D-wave CP -conserving
to be at the level of 10−8 [5]. Therefore, an observation
of η′ → 4π0 with a branching fraction at a level of 10−8

would indicate ChPT and VMD models are reliable in
calculating the decay η′(η) → 4π0.

So far the decay η′ → 4π0 has not been observed.
About three decades ago the first attempt to search for
this mode was performed by the joint CERN-IHEP ex-
periment and the upper limit on the branching fraction
was determined to be B(η′ → 4π0) < 5×10−4 at the 90%
confidence level (C.L.) [6]. The more recent upper limit
of 3.2×10−4 at 90% C.L. was obtained by the GAMS-4π

experiment [7].

Although η′ mesons can not be produced directly in
e+e− annihilations, the decay J/ψ → γη′, with a branch-
ing fraction of (5.13± 0.17)× 10−3 [8], provides an abun-
dant source of η′ meson in this environment. The BESIII
experiment has exploited this production mode to per-
form a series of studies of η′ decays [9], based on a sample
of (1310.6 ± 7.0) × 106 J/ψ events [10], corresponding to
6.7 × 106 η′ events. In this paper, using this same J/ψ
sample, we perform a search for η′ → 4π0 via J/ψ → γη′.
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FIG. 1. D-wave pion-loop (a) and intermediate f2 mesons
contribution (b) to η′ → 4π0 [5].MITP 2022 Light Meson Studies at BESIII 6 / 21



η′ → π0π0π0π0
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FIG. 2. χ2
8C distribution of candidate events in the η′ signal

region showing data and the contribution from the consid-
ered background sources. The arrow indicates the selection
requirement of χ2

8C < 30.

knowledge of the number of J/ψ events and the branch-
ing fractions of the decays. The non-peaking background
contribution is modeled with a third-order Chebychev
polynomial function. The signal shape and resolution is
taken from simulation. The fit result is shown superim-
posed in Fig. 3, where the signal contribution is negligi-
ble.
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FIG. 3. The M(4π0) distribution in data, together with
the total fit result and the contributions from non-peaking
background and the peaking background J/ψ → γη′, η′ →
π0π0η, η → π0π0π0. Also shown is the expected shape of the
signal contribution, with arbitrary normalisation.

A Bayesian approach is used to determine an upper
limit on the branching fraction of η′ → 4π0. Many fits
are performed for different assumed values of the signal
yield N , which is a fixed parameter, and for each fit the
negative log-likelihood S is determined. For each value
of N the branching fraction is

B(η′ → 4π0) =
N

NJ/ψ · ε · B(J/ψ → γη′) · B(π0 → γγ)4
,

(1)
where NJ/ψ = (1310.6± 7.0) × 106 is the number of J/ψ
events [10], ε is the detection efficiency, B(J/ψ → γη′)

and B(π0 → γγ) are the branching fractions of J/ψ →
γη′ and π0 → γγ, respectively, which are taken from
Ref. [8].

The distribution of normalized likelihood values, de-
fined as L(B) = exp(−[S(B) − Smin]), where Smin is the
lowest negative log-likelihood obtained from the ensem-
ble of fits, is taken as the probability density function
(PDF) for the expected branching fraction of η′ → 4π0.
The upper limit on the branching fraction at the 90%
C.L., defined as BUL, corresponds to the branching frac-
tion at 90% of the integral of the PDF,

∫ BUL

0
L(B)dB∫ ∞

0
L(B)dB = 0.9, (2)

and is found to be 4.57 × 10−5, considering statistical
uncertainties alone.

V. SYSTEMATIC UNCERTAINTIES

Two categories of systematic uncertainty are consid-
ered: those associated with the fit model and procedure,
and those which enter when using Eq. (1) to express the
signal yield as a branching fraction.

The fit-related uncertainties come mainly from the fit-
ting ranges, signal shape, non-peaking background shape,
peaking background shape and the number of the peak-
ing background events.

The systematic uncertainty from the fit ranges is esti-
mated by varying them by ±5 MeV/c2.

In the fit to the M(4π0) distribution, signal shape is
taken from MC simulation. To assess the uncertainty
due to the signal shape, an alternative fit is performed
by convolving a Gaussian function with a fixed resolution
of 2.6 MeV and mean of 2.1 MeV which are obtained
from a high purity control sample of J/ψ → γη′, η′ →
π0π0η, η → γγ.

The uncertainty from the non-peaking background
shape is determined by using a fourth-order Chebychev
polynomial in place of the third-order Chebychev poly-
nomial.

To assess the uncertainty associated with the number
of the peaking background events, its contribution is re-
calculated after varying the branching fractions of J/ψ →
γη′ and its cascade decays, η′ → π0π0η and η → π0π0π0,
within their uncertainties, and new fits are performed.

The systematic uncertainty associated with peaking
background shape is evaluated by convolving a Gaussian
function with resolution and mean value left free.

Among these cases, the dominant fit-model uncertain-
ty arises from fitting range [0.705, 1.095] GeV/c2 and
it changes the upper limit at the 90% C.L. to BUL =
4.88 × 10−5.

The other category of systematic uncertainties, sum-
marised in Table II, has contributions from the knowl-
edge the photon detection efficiency, the efficiency of the
kinematic fit, signal model, the branching fractions of the

6

sub-decays involved in the signal process, and the total
number of J/ψ events.

The uncertainty from the photon detection is inves-
tigated with a high purity control sample of J/ψ →
π+π−π0. It is found that the differences between data
and MC simulation are 0.5% and 1.5% for each photon
deposited in the barrel and end cap of the EMC, respec-
tively. With the same approach as used in Ref. [20], the
uncertainty on the detection efficiency for each photon in
the signal decay is estimated to be 0.53%, and thus the
nine photons in the final state induce an overall uncer-
tainty of 4.8%.

The uncertainty associated with the kinematic fit is
estimated by adjusting the components of the photon-
energy error matrix in the signal MC sample to reflect the
known difference in resolution between data and MC sim-
ulation [21]. From the study of ψ(3686) → γχc1(χc1 →
4π0) decay[22], it is known that the energy resolution in
data is 4% wider than in MC simulation. The relative
difference in efficiency, 4.1%, is taken as the systematic
uncertainty from the kinematic fit.

In the normal fit, the cascade decay η′ → 4π0 is de-
scribed with the decay amplitude in Ref. [5]. A fit with
an alternative signal model replacing η′ → 4π0 decay am-
plitude with a phase space (PHSP) distribution is per-
formed. The change of the efficiency, 2.0%, is taken as
the uncertainty due to the signal model.

The relative uncertainty in the knowledge of the
branching fractions of J/ψ → γη′ and π0 → γγ [8]
induces a corresponding uncertainty on the calculated
upper limit on the branching fraction. The number of
J/ψ events is determined from the measured number of
hadronic decays, and is found to be (1310.6 ± 7.0) ×
106 [10], which corresponds to a relative uncertainty of
0.54%.

Assuming all systematic uncertainties presented in
Table II are independent, the total relative uncertainty
is obtained to be 7.3%, by adding all individual uncer-
tainties in quadrature.

TABLE II. Summary of the systematic uncertainties unrelat-
ed to the fit model. For each component the relative impact
on the branching fraction is listed in %.

Source Systematic uncertainties
Photon detection 4.8
Kinematic fit 4.1
Signal model 2.0
B(J/ψ → γη′) 3.1
B(π0 → γγ) 0.03
Number of J/ψ events 0.54
Total 7.3

VI. RESULT

The final upper limit on the branching fraction is de-
termined by convolving the likelihood distribution L with
the systematic uncertainties to obtain the smeared like-
lihood Lsmear.

Lsmear(B) =

∫
L

(ε
ε
B

)
exp

(
− (ε− ε)2

2σ2
ε

)
dε. (3)

In this exercise all components listed in Table II, what-
ever their nature, can be considered as an uncertainty on
the detection efficiency ε. The nominal efficiency value is
ε, σε is the absolute total systematic uncertainty on the
efficiency, and B is the branching fraction of η′ → 4π0.

Figure 4 shows the normalized likelihood distribution
after taking all systematic uncertainties into account.
The corresponding upper limit of the branching frac-
tion of η′ → 4π0 at the 90% C.L. is determined to be
4.94 × 10−5.
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FIG. 4. Normalized likelihood distribution before (black dots)
and after (red stars) convolution with systematic uncertainty.

VII. SUMMARY

Using a sample of 1.31 × 109J/ψ events collected with
the BESIII detector, a search for the decay η′ → 4π0 is
performed via J/ψ → γη′. No evidence for the rare decay
η′ → 4π0 is found, and an upper limit of B(η′ → 4π0) <
4.94× 10−5 is set at the 90% confidence level. This limit
is approximately a factor of six smaller than the previous
most stringent result [7].

The current limit is still far above the level of 10−8,
which is predicted in theory. Further studies of η′ rare
decays are still necessary to test ChPT and VMD model
and look for the CP -violation (S-wave) η → 4π0 decay.
A sample of 1010 J/ψ events has now been collected at
BESIII, which will allow for even more sensitive searches
to be performed for this important decay mode.

Phys. Rev. D 101, 032001 (2020)

Jψ → γη′, η′ → 4π0

Signal contribution negligible.
Upper limit: 4.94× 10−5 at the 90% C.L.
Approximately a factor of six smaller than the previous most stringent
result.
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η′ → γγη

Branching fraction of η′ → γγη is predicted to be 2.0× 10−4 within
the frameworks of linear σ model and the VMD model[3, 4].
Upper limit reported by GAMS-4π[5]: 8× 10−4 at the 90% C.L.

angle of each photon in the corresponding γγ rest framewith
respect to the η direction in the J=ψ rest frame, is required to
satisfy j cos θdecayj < 0.95. An event is vetoed if any two of
five selected photons (except for the combination for the η
candidate) satisfy jMðγγÞ −mðηÞj < 35 MeV=c2.

The resulting γγη invariant mass distribution, after these
requirements, is shown in Fig. 2(a), where no significant η0

peak is observed. Detailed MC studies indicate that the
background events accumulating near the lower side of the
η0 signal region are mainly from J=ψ → γη0, η0 → π0π0η
(Class I), which is shown as the dotted (green) curve in
Fig. 2(a). The peaking background is from J=ψ → γη0,
η0 → γω, ω → γπ0, and is shown as the solid area in
Fig. 2(a). The remaining background events are dominated
by those J=ψ decays without η0 in the final states (Class II),
e.g., J=ψ → γηπ0 and J=ψ → ωη (ω → γπ0, η → γγ)
decays. They constitute a smooth distribution in the η0

signal region as illustrated by the dashed (pink) curve in
Fig. 2(a).

IV. SIGNAL YIELD AND BRANCHING FRACTION

An unbinned maximum likelihood fit to the MðγγηÞ
distribution is performed to determine the η0 → γγη signal
yield. In the fit, the probability density function (PDF) for
the signal component is represented by the signal MC
shape, which is obtained from the signal MC sample
generated with an incoherent mixture of ρ, ω and the
nonresonant components according to the fractions from
the theoretical prediction [7,8]. The Class I and Class II
background shapes are obtained from MC simulations and
fixed, but the numbers are free parameters. Both the shape
and the yield for the peaking background are fixed to the
MC simulation and their expected intensities. The fit shown
in Fig. 2(a) yields 24.9 # 10.3 η0 → γγη events with a
statistical significance of 2.6σ, and the branching fraction is
calculated from

Bðη0 → γγηÞ ¼ Nobs

NJ=ψ · ε · Bðη → γγÞ · BðJ=ψ → γη0Þ
; ð1Þ

where Nobs is the number of observed events determined
from the fit to the γγη mass spectrum, ε is the MC-
determined detection efficiency, which is obtained from the
signal MC sample described above; Bðη → γγÞ and
BðJ=ψ → γη0Þ are the branching fractions of η → γγ and
J=ψ → γη0 quoted from the PDG [24], respectively.
With the number of signal events and a detection

efficiency of 11.4% the branching fraction is measured
to be

Bðη0 → γγηÞ ¼ ð8.25 # 3.41 # 0.72Þ × 10−5;

where the first uncertainty is statistical and the second
systematic.

V. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties on the upper limit meas-
urement are summarized in Table I. The uncertainty due to
the photon reconstruction is determined to be 0.5% per
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FIG. 2. (a) Results of the fit to MðγγηÞ. The black dots with
error bars are data, and the others are the results of the fit
described in the text. (b) Likelihood distribution before (black
dots) and after (blue squares) taking into account systematic
uncertainties [see Eq. (2)]. The arrow is the position of the upper
limit on the signal yields at 90% CL.

SEARCH FOR THE DECAY … PHYS. REV. D 100, 052015 (2019)

052015-5

Phys. Rev. D 100, 052015 (2019)
J/ψ → γη′, η′ → γγη, η → γγ

B(η′ → γγη):
(8.25± 3.41± 0.72)× 10−5

Statistical significance: 2.6 σ.
Upper limit: 1.33× 10−4 at the
90% C.L., in tension with the
theoretical prediction

[3] R. Jora, Nucl. Phys. Proc. Suppl. 207, 224 (2010).
[4] R. Escribano et al., Phys. Rev. D 102, 034026 (2020).
[5] S.V. Donskov et al., Phys. Atom. Nucl. 78, 1043 (2015)
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η′ → π+π−e+e−

Branching fraction of η′ → π+π−e+e−:

Theoretical predictions:

- Two different VMD models[6]: (2.17± 0.21)× 10−3 and (2.27± 0.13)× 10−3

- ChPT model[7]: (2.13+0.17−0.31)× 10−3

Most precise measurement before[8]: (2.11± 0.12stat. ± 0.15syst.)×10−3

Possible CP-violating contribution[9−11]:

An electric dipole type transition

Manifest itself as an asymmetry of sin 2ϕ:

Aϕ =
N(sin 2ϕ > 0)− N(sin 2ϕ < 0)
N(sin 2ϕ > 0) + N(sin 2ϕ < 0)

(1)

π+π-

e+

e-

φ

ẑ

Previous measurement of Aϕ: consistent with zero
.

[6] T. Petri, PhD thesis, Forschungszentrum Julich, (2010), arXiv:1010.2378[nucl-th].
[7] B. Borasoy and R. Nissler, Eur. Phys. J. A 33, 95 (2007).
[8] M. Ablikim et al., (BESIII Collaboration), Phys. Rev. D 87, 092011 (2013).
[9] C. Q. Geng, J. N. Ng, and T. H. Wu, Mod. Phys. Lett. A 17, 1489 (2002).
[10] D.-N. Gao, Mod. Phys. Lett. A 17, 1583 (2002).
[11] L. Gan, B. Kubis, E. Passemar, and S. Tulin, (2020), arXiv:2007.00664hep-ph.
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η′ → π+π−e+e−

Measurement of branching fraction:
To minimize the uncertainty of the number of J/ψ, the tracking efficiency, and the
particle identification efficiency, the branching fraction is calculated according to

B(η′ → π+π−e+e−) = B(η′ → π+π−γ) · Nη′→π+π−e+e− · εη′→π+π−γ

Nη′→π+π−γ · εη′→π+π−e+e−
(2)

The B(η′ → π+π−γ) is referred from PDG, Ni is the event yield in channel i , εi is
the corresponding efficiency.
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Phys. Rev. D 103, 092005 (2021)

Signal region:
|Mπ+π−e+e− −mη′ | < 0.02GeV/c2

Signal purity: 98%
based on MC simulations of η′ → π+π−γ

B(η′→π+π−e+e−):
(2.42± 0.05stat. ± 0.08syst.)× 10−3

consistent with the predictions
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η′ → π+π−e+e−

. Measurement of Aϕ:

Aϕ =
N(sin 2ϕ > 0)− N(sin 2ϕ < 0)
N(sin 2ϕ > 0) + N(sin 2ϕ < 0)

Due to the limited momentum resolution, some events with a true
value sin2ϕ < 0 are reconstructed with a value sin2ϕ > 0. The
fraction of such events, α is estimated with signal MC sample.
Corrected Aϕ:

Aϕ, corr. =
Aϕ, rec.
1− 2α

(3)

Result: Aϕ = (2.9± 3.7stat. ± 1.1syst.)%, consistent with zero.
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η′ → π+π−µ+µ−

Predictions on B(η′ → π+π−µ+µ−)[6,12,13]:
- in the range of (1.5− 2.5)× 10−5.
No significant signal has been observed before this work.
Most stringent upper limit measured before[13]:

- B(η′ → π+π−µ+µ−) < 2.9× 10−5 at the 90% C.L.
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Phys. Rev. D 103, 072006 (2021)

B(η′ → π+π−µ+µ−):
(1.97± 0.33stat. ± 0.18syst.)× 10−5

Statistical significance: 8σ
In good agreement with theoretical
predictions

[12] A. Faessler, C. Fuchs and M. I. Krivoruchenko, Phys. Rev. C 61, 035206 (2000).
[13] B. Borasoy and R. Nissler, Eur. Phys. J. A 33, 95 (2007).
[14] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 87, 092011 (2013).MITP 2022 Light Meson Studies at BESIII 12 / 21



Absolute Branching Fractions of η Decay Modes

Decays of η meson are sensitive to a wide variety of physics issues.
No absolute branching fractions(BFs) of η decays have been
measured due to difficulty of tagging its inclusive decays.
A method for tagging inclusive decays of η is developed.

J/ψ → γη, η → anything , γ → e+e−(γ conversion process)

γ conversion: a photon with energy greater than twice the mass of
electron convert to e+e− when passing near the nucleus of an atom.
Energy resolution of the radiative photon could be improved by a
factor of 2.
Number of η can be extracted from recoil mass spectrum of γ
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Absolute Branching Fractions of η Decay Modes

Step 1: Inclusive decays

B(J/ψ → γη) =
Nobs

J/ψ→γη
NJ/ψ · εf

(4)

Nobs
J/ψ→γη and NJ/ψ : observed η yield and number of J/ψ events.

ε: detection efficiency obtained from MC simulation
f : correct the difference in γ conversion efficiencies between data and MC
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Phys. Rev. D 104, 092004 (2021) .

B(J/ψ → γη) = (1.067± 0.005stat. ± 0.023syst.)× 10−3
PDG: (1.108± 0.027)× 10−3(before this work)
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Absolute Branching Fractions of η Decay Modes

Step 2: Exclusive decays
↓ Directly detected by detector

B(η → X ) =
B(J/ψ → γ η, η → X )

B(J/ψ → γ η)
=

Nobs
η→X

εη→X
·

εf

Nobs
J/ψ→γη

(5)

Using γ conversion process ↑
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Phys. Rev. D 104, 092004 (2021)

B(η → X )/B(η → γγ)
X This Work CLEO

π0π0π0 0.802± 0.002± 0.014 0.884± 0.022± 0.019
π+π−π0 0.578± 0.001± 0.008 0.587± 0.011± 0.009
π+π−γ 0.110± 0.001± 0.002 0.103± 0.004± 0.004

B(η → X ) (%)
X This Work CLEO PDG

γγ 39.86± 0.04± 0.99 38.45±0.40±0.36 39.41±0.20
π0π0π0 31.96± 0.07± 0.84 34.03±0.56±0.49 32.68±0.23
π+π−π0 23.04± 0.03± 0.54 22.60±0.35±0.29 22.92±0.28
π+π−γ 4.38± 0.02± 0.10 3.96±0.14±0.14 4.22±0.08
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Summary and Outlook

Large J/ψ decay sample at BESIII provides an excellent laboratory to
study light meson decays.
η/η′ studies:

Search for η′ → π0π0π0π0

- Upper limit: 4.94× 10−5 at the 90% C.L.

Search for η′ → γγη
- B(η′ → γγη)=(8.25± 3.41stat. ± 0.72syst.)× 10−5 (Statistical significance: 2.6 σ)
- Upper limit: 1.33× 10−4 at the 90% C.L.

Search for η′ → π+π−e+e−
- B(η′ → π+π−e+e−)=(2.42± 0.05stat. ± 0.08syst.)× 10−3

- Aϕ =
(
2.9± 3.7stat. ± 1.1syst.

)
%

Search for η′ → π+π−µ+µ−
- B(η′ → π+π−µ+µ−)=(1.97± 0.33stat. ± 0.18syst.)× 10−5 (Statistical significance: 8σ)

Absolute branching fractions of η decay modes
- B(J/psi → γη)=(1.067± 0.005stat. ± 0.023syst.)× 10−3

- B(η → γγ)=(39.86± 0.04stat. ± 0.99syst.)%, B(η → π0π0π0)=(31.96± 0.07stat. ± 0.84syst.)%
- B(η → π+π−π0)=(23.04± 0.03stat.± 0.54syst.)%, B(η → π+π−γ)=(4.38± 0.02stat.± 0.10syst.)%
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Summary and Outlook

With the 10 billion J/ψ decay sample available now, more interesting
results can be expected:

Standard Model precision tests
- (g − 2)µ, η/η′ transition form factor, ...

Discrete symmetry tests
- C and CP-voilation, ...

Search for η/η′ rare decays
Search for light BSM particles
... ...
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Backup
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Beijing Electron Positron Collider II (BEPC II)

2004: started BEPCII/BESIII construction
ü Double rings
ü Beam energy: 1-2.3 GeV 
ü Design luminosity: 1×1033 cm-2s-1 @ 
!(3770), achieved in 2016

2009 – today: BESIII physics runs

IP

Beijing Electron Positron Collider II

~240 m 

Lina
c ~ 200 m 
http://english.ihep.cas.cn

3

2.45

Isabella Garzia - ICHEP - July 31, 2020

2004: BEPCII/BESIII construction
Double-ring e+e− collider running in tau-charm energy region
Beam energy: 1-2.3 GeV(1-2.45 GeV since 2019)
Design luminosity: 1× 1033cm−2s−1

2009-today: BESIII physics runs
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BESIII Publications on η/η′ Decays

η′ → π+π−η Phys. Rev. D 83, 012003 (2011)
η/η′ → π+π−, π0π0 Phys. Rev. D 84, 032006 (2011)
η′ → π+π−π0, π0π0π0 Phys. Rev. Lett. 108, 182001 (2012)
η/η′ →invisible Phys. Rev. D 87, 012009 (2013)
η/η′ → π+eν Phys. Rev. D 87, 032006 (2013)
η′ → 3(π+π−) Phys. Rev. D 88, 091502 (2013)
η′ → 2(π+π−), π+π−π0π0 Phys. Rev. Lett. 112, 251801 (2014)
η′ → γe+e− Phys. Rev. D 92, 012001 (2015)
η → π+π−π0, η/η′ → π0π0π0 Phys. Rev. D 92, 012014 (2015)
η′ → ωe+e− Phys. Rev. D 92, 051101 (2015)
η′ → Kπ Phys. Rev. D 93, 072008 (2016)
η′ → ρπ Phys. Rev. Lett. 118, 012001 (2017)
η′ → γγπ0 Phys. Rev. D 96, 012005 (2017)
η′ → γπ+π− Phys. Rev. Lett. 120, 242003 (2018)
η′ → ηπ+π−, ηπ0π0 Phys. Rev. D 97, 012003 (2018)

MITP 2022 Light Meson Studies at BESIII 20 / 21



BESIII Publications on η/η′ Decays (continue)

η′ branching fractions Phys. Rev. Lett. 122, 142002 (2019)
η′ → γγη Phys. Rev. D 100, 052015 (2019)
η′ → π0π0π0π0 Phys. Rev. D 101, 032001 (2020)
η′ → π+π−µ+µ− Phys. Rev. D 103, 072006 (2021)
η′ → π+π−e+e− Phys. Rev. D 103, 092005 (2021)
η branching fractions Phys. Rev. D 104, 092004 (2021)
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