
Yan Zhang(on behalf of BESIII Collaboration)

University of Science and Technology of China

State Key Laboratory of Particle Detection and Electronics

FPCP 2020, 8-12 June, A Toxa (Remotely)
Conference on Flavor Physics and CP Violation 2020 

2020/6/10 FPCP 2020 1



Outline

 Introduction

 𝜼′ Meson Decays

 Hadronic decays:  𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝜼, 𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝝅𝟎, 𝜼′ → 𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎

 Radiative decays:  𝜼′ → 𝜸𝝅+𝝅−, 𝜼′ → 𝜸𝜸𝜼

 𝜼′ branching fractions

 𝒂𝟎
𝟎 𝟗𝟖𝟎 − 𝒇𝟎(𝟗𝟖𝟎) Mixing

 Summary
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Beijing Electron Positron Collider II (BEPCII)

BESIII
Detector

Storage ring ~ 240 m

IP

BESIII detector

Linac ~200 m

Bird view of BEPCII 

Double rings
Beam energy: 1.0-2.3 GeV
Design luminosity 1 x 1033/cm2/s @ψ(3770)
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Main Drift Chamber
σP/P = 0.5% @ 1 GeV
σdE/dx = 6%

Time of Flight
σT = 70 ps (barrel two layers)

110(60) ps (endcap)

Super Conducting Solenoid
1.0 T (2009)
0.9 T (2012)

Electromagnetic Calorimeter
σE/ E = 2.5% @ 1 GeV

BESIII detector
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 test the predictions of CHPT

 study transition form factor

 test fundamental symmetries

 probe physics beyond the SM

𝜼/𝜼′ : a rich physics field
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𝜼/𝜼′ from 𝐉/𝛙 decays

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

 𝜼/𝜼′ from 𝑱/𝝍 radiative decays

 𝟕. 𝟐 × 𝟏𝟎𝟔 𝜼′

 𝟐. 𝟒 × 𝟏𝟎𝟔 𝜼

 𝜼/𝜼′ from 𝑱/𝝍 hadronic decays (e.g. 𝑱/𝝍 → 𝝓𝜼 )

 𝟓 × 𝟏𝟎𝟓 𝜼′

 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



Dalitz plot analysis of 𝜼′ → 𝜼𝝅+𝝅−, 𝜼𝝅𝟎𝝅𝟎
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 The linear representation is less compatible with the data.

Dalitz plot analysis of 𝜼′ → 𝜼𝝅+𝝅−
PRD 97, 012003 (2018)
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 The linear representation is less compatible with the data.

Dalitz plot analysis of 𝜼′ → 𝜼𝝅𝟎𝝅𝟎
PRD 97, 012003 (2018)
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Dalitz plot analysis of 𝜼′ → 𝜼𝝅𝟎𝝅𝟎

 Search for cusp effect:

FSI: A cusp effect (more than 8%) on 𝝅𝟎𝝅𝟎 mass spectrum below the 𝝅+𝝅−

mass threshold[EPJC62, 511 (2009)] 

No evidence of a cusp effect with current statistics.
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Amplitude analysis of 𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝝅𝟎

 𝜼′ → 𝝅𝝅𝝅 are isospin-violating process, dominated

by strong interaction. [Nucl. Phys. B460, 127(1996)]

Light quark mass difference (𝒎𝒅 −𝒎𝒖)/𝒎𝒔 can be

extracted [PRD 19, 2188(1979)]

Using ChPT, large P-wave contribution of 𝜼′ →

𝝆±𝝅∓ is predicted [Eur. Phys .J. A 26, 383(2005)]

2020/6/10 FPCP 2020 11



Amplitude analysis of 𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝝅𝟎
PRL 118, 012001 (2017)
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Amplitude analysis of 𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝝅𝟎
PRL 118, 012001 (2017)
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 Describe by three components: P wave

(𝝆±𝝅∓), resonant S wave (𝝈𝝅𝟎), phase-

space S wave (𝝅𝝅𝝅)

 Each component > 𝟐𝟒𝝈

 Obtained decay width ratios:

•𝑩 𝜼′ → 𝝅+𝝅−𝝅𝟎 = (𝟑𝟓. 𝟗𝟏 ± 𝟎. 𝟓𝟒 ± 𝟏. 𝟕𝟒) × 𝟏𝟎−𝟒

•𝑩 𝜼′ → 𝝅𝟎𝝅𝟎𝝅𝟎 = 𝟑𝟓.𝟐𝟐 ± 𝟎. 𝟖𝟐 ± 𝟐. 𝟓𝟒 × 𝟏𝟎−𝟒

•𝑩 𝜼′ → 𝝆±𝝅∓ = (𝟕. 𝟒𝟒 ± 𝟎. 𝟎𝟔 ± 𝟏. 𝟐𝟔 ± 𝟏. 𝟖𝟒) × 𝟏𝟎−𝟒

•𝑩 𝜼′ → 𝝅+𝝅−𝝅𝟎
𝑺
= (𝟑𝟕.𝟔𝟑 ± 𝟎. 𝟕𝟕 ± 𝟐. 𝟐𝟐± 𝟒. 𝟒𝟖) × 𝟏𝟎−𝟒



This limit is approximately a factor of six smaller

than the previous most stringent result. [Mod.

Phys. Lett. A 29, 1450213 (2014)]

Search for rare decay 𝜼′ → 𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎

Highly suppressed decay because of the S-wave

CP-violation.

Higher-order contributions, involving a D-wave

pion loop or the production of two tensor mesons

provide a CP-conserving route through which the

decay can occur [PRD 85, 014014 (2012)]

PRD 101, 032001 (2020)
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Study of 𝜼′ → 𝜸𝝅+𝝅− decay dynamics

 In VMD model, this process is dominated

by 𝜼′ → 𝜸𝝆

The discrepancy attributed to the Wess-

Zumino-Witten anomaly in the ChPT,

Known as the box anomaly [PLB 37, 95

(1971), NPB223, 422 (1983)]

Recently a model-independent approach

based on ChPT are proposed. [PLB 707,

184 (2012)]

Studied by several experiments, but no

consistent picture due to limited statistics

• 𝝆 mass shift or not?

• Box anomaly or not?
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Study of 𝜼′ → 𝜸𝝅+𝝅− decay dynamics
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Within the frame work of the linear 𝝈 model and the VMD model, the 

BF of 𝜼′ → 𝜸𝜸𝜼 is predicted to be 𝟐. 𝟎 × 𝟏𝟎−𝟒.

 GAMS-4π reported the upper limit of the BF < 𝟖. 𝟎 × 𝟏𝟎−𝟒 at the 90% 

C.L. [Phys. Atom. Nucl. 78, 1043 (2015)]

Search for 𝜼′ → 𝛄𝜸𝜼

Search for 𝜼′ → 𝛄𝜸𝜼 in the 𝑱/𝝍 radiative decay

PRD 100, 052015 (2019)
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Measurement of the BFs of 𝜼′ decays

There are only the relative measurements of

BFs of 𝜼′ decays from experiments.

Difficult to tag the inclusive decays in

𝐉/𝛙 → 𝜸𝜼′ because of the poor energy

resolution of radiative photon

Developed a method to reconstruct radiative

photon using photon conversions to 𝒆+𝒆−

pairs.

Resolution of the radiative photon could be

improved by a factor of 3.
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Measurement of the BFs of 𝜼′ decays

First direct measure of absolute BFs for five 𝜼′ modes.

PRL 122, 142002 (2019)
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𝒂𝟎
𝟎 𝟗𝟖𝟎 − 𝒇𝟎 𝟗𝟖𝟎 Mixing

𝒂𝟎
𝟎 𝟗𝟖𝟎 − 𝒇𝟎 𝟗𝟖𝟎 still controversial about their

nature.

 In 1970s, the mixing mechanism was firstly

proposed. [PLB 88, 367 (1979)]

Theorist proposed to directly measure 𝒂𝟎
𝟎 𝟗𝟖𝟎 −

𝒇𝟎 𝟗𝟖𝟎 mixing via:

𝑱/𝝍 → 𝝓𝒂𝟎
𝟎 𝟗𝟖𝟎 → 𝝓𝜼𝝅𝟎

𝝌𝒄𝟏 → 𝝅𝟎𝒇𝟎(𝟗𝟖𝟎) → 𝝅𝟎𝝅+𝝅−

[Wu, Zhao, Zou, PRD 75, 114012 (2007), PRD 78,

074017 (2008)]

Measured at BESIII based on 225M 𝑱/𝝍 and 108M

𝝍(𝟐𝑺), significance < 𝟓𝝈. [PRD 83, 032003 (2011)]
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𝒇𝟎 𝟗𝟖𝟎 → 𝒂𝟎
𝟎 𝟗𝟖𝟎 Mixing

PRL 121, 022001 (2018)
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𝒂𝟎
𝟎 𝟗𝟖𝟎 → 𝒇𝟎 𝟗𝟖𝟎 Mixing

PRL 121, 022001 (2018)
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Summary (I)

 𝜼′ meson decays, 𝝎 meson decay and 𝒂𝟎
𝟎 𝟗𝟖𝟎 − 𝒇𝟎 𝟗𝟖𝟎 mixing are reviewed

Dalitz plot analysis of 𝜼′ → 𝜼𝝅+𝝅− , 𝜼𝝅𝟎𝝅𝟎 : the linear representation is less

compatible with the data.

Amplitude analysis of 𝜼′ → 𝝅+(𝟎)𝝅−(𝟎)𝝅𝟎 : Significant P-wave 𝜼′ → 𝝆±𝝅∓ is observed

for the first time.

Search for 𝜼′ → 𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎: the most stringent upper limit.

Precision study of the decay dynamics of 𝜸𝝅+𝝅−: need extra contribution besides

𝝆 𝟕𝟕𝟎 − 𝝎.

Search for 𝜼′ → 𝜸𝜸𝜼: the result is in tension with theoretical prediction.

First direct measurement of absolute BFs for 𝜼′ five modes.
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First observation of 𝒂𝟎
𝟎 𝟗𝟖𝟎 − 𝒇𝟎 𝟗𝟖𝟎 mixing: the mixing signal with 𝟕. 𝟒𝝈 and 𝟓. 𝟓𝝈

for the first time, the constraint regions on 𝒈𝒂𝟎𝑲+𝑲− and 𝒈𝒇𝟎𝑲+𝑲− are roughly obtained by

the significance test.

 𝑱/𝝍 decay is an unique place to study light meson decays.

 BESIII: 1.3 billion + 8.7 billion (10 billion in total) 𝑱/𝝍 events

• The large data sample allows to study light mesons with the unprecedented statistics.

• More interesting results are expected.

Summary (II)
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Thanks for your attention
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Back up
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• 𝜼′ → 𝜸𝜸𝜼 Phys.Rev.D 100, 052015 (2019)
• 𝜼′ → 𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎 Phys.Rev.D 101, 032001 (2020)2020/6/10 FPCP 2020 27



BESIII Collaboration
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