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What’s 

new?(I)



Updated result of 𝛈′ → 𝛑+𝛑−𝛑+𝛑−
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What’s 

new?(II)

⚫ 𝛘𝟒𝐂
𝟐 < 𝟑𝟓



Optimization result
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 (a) The red line represents the detection efficiency.  (b) The red 

line shows the value of Τ𝑺 𝑩.
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Background Study
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◼ ℬ 𝜂′ → 𝜋+𝜋−𝜋+𝜋− =
𝑁𝑠𝑖𝑔

𝑁𝐽/𝜓⋅𝐵 𝐽/𝜓→𝛾𝜂′ ⋅𝜀

Mode 𝑵𝒔𝒊𝒈 (%) ℬ(10−5)

η′ → π+π−π+π− 163548 36.2 8.530.25 𝑠𝑡𝑎𝑡

Fitting result of M(𝛑+𝛑−𝛑+𝛑−)

◼ Signal: PDF shape

◼ Background : 

PDF shape of continuous background(𝐽/𝜓 → 𝛾𝜋+π−π+π−),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, 𝜂′ → 𝜋+π−𝜂, 𝜂 → π+π−𝛾),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, η′ → 𝜋+π−e+e−),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, η′ → 𝜋+π−μ+μ−),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, η′ → 𝛾𝜋+π−).
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Updated result of 𝛈′ → 𝛑+𝛑−𝛑𝟎𝛑𝟎

What’s 

new?(III)
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◼ ℬ 𝜂′ → 𝜋+𝜋−𝜋0𝜋0 =
𝑁𝑠𝑖𝑔

𝑁𝐽/𝜓⋅ℬ 𝐽/𝜓→𝛾𝜂′ ⋅𝜀∙ℬ 𝜋0→𝛾𝛾 ℬ 𝜋0→𝛾𝛾

Fitting result of M(𝛑+𝛑−𝛑𝟎𝛑𝟎)

Mode 𝐍𝐬𝐢𝐠 (%) ℬ(10−4)

𝜂′ → 𝜋+𝜋−𝜋0𝜋0 865±49 7.8 2.180.12 𝒔𝒕𝒂𝒕

◼ Signal: PDF shape

◼ Background : 

PDF shape of continuous background(𝐽/𝜓 → 𝛾𝜋+π−π0π0),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, 𝜂′ → 𝜋+π−𝜂, 𝜂 → π0π0π0),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, 𝜂′ → 𝜋0𝜋0𝜂, 𝜂 → 𝜋+𝜋−𝛾),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′,𝜂′ → 𝛾𝜔,𝜔 → 𝜋+𝜋−𝜋0).
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Systematic uncertainty from continuous background shape

 Fit of 𝑱/𝝍 → 𝜸𝝅+𝝅−𝝅+𝝅− and 𝑱/𝝍 → 𝜸𝝅+𝝅−𝝅𝟎𝝅𝟎 PHSP MC. The 

solid blue line is the best fit result with a third-order Chebychev

polynomial function. 



Total Systematic Uncertainty(IV)

10

Sources 𝜼′ → 𝛑+𝛑−𝛑+𝛑−(%) 𝜼′ → 𝛑+𝛑−𝛑𝟎𝛑𝟎 (%)

MDC tracking 2 1

Photon detection efficiency 0.5 2.5

Kinematic fit 0.6 0.2

Peak background shape 0.4 0.09

Continuous background shape 0.2 1.4

Veto 𝜂 𝜔 signal  - 2.8

ℬ(𝐽/𝜓 → 𝛾𝜂′) 1.3 1.3

ℬ(𝜋0 → 𝛾γ) - 0.06

Number of 𝐽/𝜓 events 0.44 0.44

Generator Model 0.6 0.8

Total 2.7 4.4
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➢ 𝛘𝟖𝐂
𝟐 < 𝟒𝟎

➢ 𝛘𝟒𝐂
𝟐 (𝜸𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎)< 𝛘𝟒𝐂

𝟐 (𝜸𝜸𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎)

➢ 𝛘𝟒𝐂
𝟐 (𝜸𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎)< 𝛘𝟒𝐂

𝟐 (𝜸𝜸𝜸𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎)

➢ Veto 𝜼 → 𝝅𝟎𝝅𝟎𝝅𝟎: 

𝐌𝟑𝝅𝒊
𝟎 −𝐌𝜼

𝐏𝐃𝐆 > 𝟎. 𝟎𝟐𝐆𝐞𝐕/𝐜𝟐 (𝒊 = 𝟏, 𝟐, 𝟑, 𝟒)

What’s 

new?(IV) Updated result of 𝛈′ → 𝛑0𝛑0𝛑0𝛑0



Background study 
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⚫ The distribution of 4𝛑𝟎 mass spectrum for the main background channels:

➢ The peaking background events is from:

𝑱/𝝍 → 𝜸𝜼′,𝜼′ → 𝝅𝟎𝝅𝟎𝜼,𝜼 → 𝝅𝟎𝝅𝟎𝝅𝟎

➢ The continuous background events mainly 

comes from:

𝑱/𝝍 → 𝜸𝝅𝟎𝝅𝟎𝝅𝟎𝝅𝟎



MC and Data Comparison
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Fitting result of M(𝛑𝟎𝛑𝟎𝛑𝟎𝛑𝟎)

➢ Fit Model:

◼ Signal: PDF shape

◼ Background : 

PDF shape of continuous background(𝐽/𝜓 → 𝛾𝜋0π0π0π0),

PDF shape of peak background(𝐽/𝜓 → 𝛾𝜂′, 𝜂′ → 𝜋0π0𝜂, 𝜂 → π0π0π0).

➢ Upper Limit:

◼ We use a Bayesian method to calculate the Upper limits of the 

signal yields at the 90% confidence level in different hypotheses. 

◼ The maximum one, 𝑵𝑼𝑳 = 7.95, is used to evaluate the upper 

limit on the branching fraction.
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Sources 𝑩𝑼𝑳 × 10−5

Fit range

[0.7 , 1.095]GeV/𝑐2 1.01

[0.7 , 1.105] GeV/𝑐2 1.12

[0.705 , 1.1] GeV/𝑐2 1.01

[0.705 , 1.095] GeV/𝑐2 1.01

[0.705 , 1.105] GeV/𝑐2 1.02

Signal shape  MC shape convolution 

Gaussian

1.02

Continuous background 

shape

2𝑛𝑑 order polynomial 1.0

Peaking background shape MC shape convolution 

Gaussian

1.26

The number of peaking 

background events

1465 1.15

Sources 𝜼′ → 𝟒𝛑𝟎 (%)

Photon detection 

efficiency

4.5

Kinematic fit 5.6

Veto 𝜂 → 𝜋0𝜋0𝜋0 3.0

ℬ(𝐽/𝜓 → 𝛾𝜂′) 1.3

ℬ(𝜋0 → 𝛾γ) 0.12

Number of 𝐽/𝜓 events 0.44

Generator Model 0.1

Total 8.0

➢ Additive Systematic Uncertainties ➢ Multiplicative Systematic

Uncertainties

Total Systematic Uncertainty
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ℬ𝑼𝑳 =
𝑁𝑈𝐿

𝑁𝐽/𝜓 ⋅ ℬ 𝐽/𝜓 → 𝛾𝜂′ ⋅ 𝜀 ∙ (ℬ 𝜋0 → 𝛾𝛾 )4

Upper Limit of 𝜼′ → 4𝝅𝟎

➢ Upper Limit: ℬ 𝜂′ → 𝜋0𝜋0𝜋0𝜋0 < 𝟏. 𝟐8 × 𝟏𝟎−𝟓

➢ To conservatively estimate the upper limit of branching 

fraction, the systematic uncertainties are considered by 

convolving a Gaussian function into the normalized 

likelihood. 

*Normalized likelihood distribution before (blue dots) and after (red dots)  convolution.



Summary & Next to do

✓ The results of ℬ 𝜂′ → 𝜋+𝜋−𝜋+𝜋− 、 ℬ 𝜂′ → 𝜋+𝜋−𝜋0𝜋0 and ℬ 𝜂′ → 4𝜋0 have been updated.  

✓ With improved precision, the results are also consistent with the previous measurements.

✓ The first round questions from the two referees have been answered.

Using a sample of 10087M 𝐽/𝜓 events collected with the BESIII : 

Next to do

➢ Measurement of Form Factor in 𝜂′ → 𝜋+𝜋−𝜋+𝜋−.

➢ Draft is in preparation.  

THANKS!☺

Mode 𝑵𝒔𝒊𝒈 𝜺 % 𝑩𝒓 𝛈′ → 𝑿 (this work) 𝑩𝒓 𝛈′ → 𝑿 [1][2](pre.result)

𝛈′ → 𝛑+𝛑−𝛑+𝛑− 163548 36.2 (8.530.25 𝒔𝒕𝒂𝒕. 0.23(𝒔𝒚𝒔.))× 𝟏𝟎−𝟓 (8.530.69 𝒔𝒕𝒂𝒕. 0.64(𝒔𝒚𝒔.))× 𝟏𝟎−𝟓

𝛈′ → 𝛑+𝛑−𝛑𝟎𝛑𝟎 86549 7.8 (2.180.12 𝒔𝒕𝒂𝒕. 0.10(𝒔𝒚𝒔.))× 𝟏𝟎−𝟒 (1.820.35 𝒔𝒕𝒂𝒕. 0.18(𝒔𝒚𝒔.))× 𝟏𝟎−𝟒

𝛈′ → 𝛑𝟎𝛑𝟎𝛑𝟎𝛑𝟎 < 10.05 1.6 < 1.28× 𝟏𝟎−𝟓 < 4.94× 𝟏𝟎−𝟓
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