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Phase between strong and EM amplitudes of 𝑱/𝝍 decay

(a) 𝑒+𝑒− → 𝐽/𝜓 → 𝑉𝑃 via strong decay

(b) 𝑒+𝑒− → 𝐽/𝜓 → 𝑉𝑃 via EM decay

[1] Phys. Rept. 174 (1989) 67
[2] Phys. Lett. B 462 (1999) 324-328

➢ Phase between (a) and (b), 𝜙𝛾,3𝑔:

• pQCD regime: 0∘ or 180∘

• Universality independent of final states or intermediate resonances

• For the same hadronic final state of 𝐽/𝜓 and 𝜓(2𝑆) decays, there are no significant 

differences in relative abundances

➢ Importance of 𝐽/𝜓 → 𝑉𝑃 decay:

• 𝜂 − 𝜂′ mixing

• Double-OZI amplitude

• Glueballs

• 𝜌𝜋 puzzle of 𝐽/𝜓 and 𝜓′ (ℬ 𝐽/𝜓 → 𝜌𝜋 ≫ ℬ(𝜓′ → 𝜌𝜋))
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SU(3) model dependent analysis for 𝑱/𝝍 → 𝑽𝑷 decay

[1] Phys. Rept. 174 (1989) 67
[2] Eur. Phys. J. C (2010) 65: 467–473
[3] Phys. Rev. D 41 (1990) 1389
[4] Phys. Rev. D 32 (1985) 2961

➢ Effective amplitude for each exclusive 𝑉𝑃 final state of 𝐽/𝜓 decay based on SU(3) flavor symmetry 

and its breaking:

➢ SU(3) symmetry:
• 𝑔: strong
• 𝑒: EM
• 𝜙𝛾,3𝑔: phase between 𝑔 and 𝑒

➢ SU(3) symmetry breaking:
• (𝑋, 𝑌)𝜂,𝜂′: 𝜂 − 𝜂′ mixing
• 𝑟𝑔: DOZI
• 𝑠𝑔: possible SU(3) violations

➢ Global fit:

• ℬ 𝐽/𝜓 → 𝑉𝑃 = 𝒜 2 ⋅ p𝑉
3

• 𝜒2 = σ𝑖
ℬ𝑖−ℬ𝑖,𝑃𝐷𝐺

𝜎𝑖,𝑃𝐷𝐺
2

• The average phase 𝜙𝛾,3𝑔~106
∘ ± 10∘
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Phase measurement with scan method
Strong decay of 𝑱/𝝍: 𝓐𝟑𝒈 EM decay of 𝑱/𝝍: 𝓐𝜸 Non-𝑱/𝝍 process: 𝓐𝒄𝒐𝒏𝒕

[1] Phys. Rev. Lett. 34 1357 (1975) 
[2] Phys. Lett. B 791, 375 (2019) 

𝜎𝐵𝑜𝑟𝑛 𝑠 ∝ 𝒜𝑐𝑜𝑛𝑡 𝑠 + 𝒜𝛾 𝑠 + 𝒜3𝑔 𝑠
2
= 𝒜𝑐𝑜𝑛𝑡 𝑠 + 𝒜𝛾 𝑠 ⋅ 𝑒𝑖𝜙𝑐𝑜𝑛𝑡,𝛾 +𝒜3𝑔 𝑠 ⋅ 𝑒𝑖𝜙𝛾,3𝑔)

2

𝜎𝐵𝑜𝑟𝑛 𝑠 ∝ 𝒜𝑐𝑜𝑛𝑡 𝑠 + 𝒜𝑅 𝑠 (1 + 𝐶𝑒𝑖𝜙𝛾,3𝑔)
2

➢ The full interference between 𝒜𝑐𝑜𝑛𝑡 and 𝒜𝛾 (𝝓𝒄𝒐𝒏𝒕,𝜸 = 𝟎∘) has been observed by many experiment 

such as SLC[1] and BESIII[2]

➢ Scan data collected by the BESIII detector 

• 26 energy points with ℒ = 452 pb−1 at 𝑠 = 3.00~3.12 GeV

➢A unique opportunity to measure 𝜙𝛾,3𝑔 directly by analyzing the interference pattern in the cross 

section lineshape

First model independent measurement 

of 𝝓𝜸,𝟑𝒈 in 𝑱/𝝍 → 𝝓𝜼 is performed
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Phase measurement with scan method

𝝈𝑽𝑷
𝐁𝐨𝐫𝐧 𝒔 = 𝓟𝑽𝑷 𝒔 ⋅

𝓕

𝒔𝟏.𝟓

𝟐

⋅
𝟒𝝅𝜶𝟐

𝟑𝒔
⋅ 𝟏 +

𝟑

𝜶
⋅
𝒔

𝑴
⋅

𝜞𝒆𝒆
𝒔 −𝑴𝟐 + 𝒊𝑴𝜞

𝟏 + 𝑪 ⋅ 𝒆𝒊𝝓𝜸,𝟑𝒈

𝟐

➢ The Born cross section of 𝑒+𝑒− → 𝐽/𝜓 → 𝑉𝑃:

•
𝓕

𝒔𝟏.𝟓
is a form factor given by pQCD predication[1]

• 𝒫𝑉𝑃 𝑠 =
𝑠−𝑀𝑉

2−𝑀𝑃
2 2

−4𝑀𝑉
2𝑀𝑃

2

𝑠

3/2

: phase space of VP final states[2]

[1] Phys. Rev. D. 97. 114016 (2018)
[2] Phys. Rev. D 77, 092002 (2008)

➢ The expected cross section in experiment (considering the effects of ISR and beam energy spread)

𝝈𝑽𝑷
𝐞𝐱𝐩

𝒔 = න
𝒔−𝟓𝑺𝑬

𝒔+𝟓𝑺𝑬

𝐝 𝒔′ 𝑮𝑺 𝒔′, 𝑺𝑬 න
𝟎

𝟏−𝑿𝑰𝑺𝑹

𝐝𝒙𝑭 𝒔′, 𝒙 ⋅ 𝝈𝑽𝑷
𝐁𝐨𝐫𝐧(𝒔′ ⋅ (𝟏 − 𝒙))

• 𝐺𝑆 𝑠′, 𝑆𝐸  is the Gaussian function

• 𝑆𝐸 is the energy spread

• 𝐹 𝑠′, 𝑥  is the ISR function

• 𝑠′ is an integration parameter
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Phase measurement with scan method

• Δ𝑓: the correlated systematic uncertainty from efficiency, luminosity, and the branching fraction

• 𝑃𝑖
PDG: 3 input parameters: 𝑀, Γ, Γee

• 𝑠𝑖,± = 𝑠𝑖 ± Δ 𝑠𝑖 , where Δ 𝑠𝑖 is the uncertainty of CM energy measurement by the BEMS

[1] Phys. Lett. B 791, 375 (2019) 

➢ 𝝓𝜸,𝟑𝒈 is estimated with the least 𝝌𝟐 fit (factor method) to 𝒆+𝒆− → 𝑽𝑷 lineshape

• General construction of 𝜒2:

𝜒2 = 𝚫𝝈𝑇 ⋅ Σ−1 ⋅ 𝚫𝝈

Σ = (𝛿𝑠𝑡𝑎𝑡,𝑖 ⋅ 𝛿𝑠𝑡𝑎𝑡,𝑗 ⋅ 𝛿𝑖𝑗 + 𝛿𝑠𝑦𝑠,𝑢𝑛𝑐𝑜𝑟,𝑖 ⋅ 𝛿𝑠𝑦𝑠,𝑢𝑛𝑐𝑜𝑟,𝑗 ⋅ 𝛿𝑖𝑗 + 𝛿sys,𝑐𝑜𝑟,𝑖 ⋅ 𝛿sys,𝑐𝑜𝑟,𝑗)

• Factor method[1]

𝜒2 =෍

i=1

26
𝜎𝜙𝜂
obs 𝑠𝑖 − 𝑓 ⋅ 𝜎𝜙𝜂

exp
𝑠𝑖

2

Δ𝜎𝜙𝜂
obs 𝑠𝑖

2
+

1
2
(𝜎𝜙𝜂

exp
𝑠𝑖,+ − 𝜎𝜙𝜂

exp
(𝑠𝑖,−))

2 +
1 − 𝑓

Δ𝑓

2

+෍

𝑖=1

3
𝑃𝑖
PDG − 𝑃𝑖

fit

Δ𝑃𝑖
PDG

2



Observed cross section measurement of 𝒆+𝒆− → 𝝓𝜼

Observed cross section: 𝝈𝝓𝜼
𝐨𝐛𝐬 =

𝑵𝝓𝜼

𝓛 ⋅ 𝜺 ⋅ 𝓑 𝝓 → 𝑲+𝑲− ⋅ 𝓑(𝜼 → 𝜸𝜸)

7

Measurement is performed in the decay chain: 𝑒+𝑒− → 𝜙𝜂, 𝜙 → 𝐾+𝐾−, 𝜂 → 𝛾𝛾

⚫ At least two good photons

1. E𝛾 > 25 MeV in EMC barrel, E𝛾 > 50 

MeV in EMC end-caps

2. 0 ≤ T ≤ 14 × 50 ns

3. 𝛼 > 10°, 𝛼 is the minimum angle 

between photon and charged tracks

⚫ 4C kinematic fit

1. The 4-momentum of 𝐾+𝐾−𝛾𝛾 is constrained to be the 4-momentum of 𝑒+𝑒−

2. The 𝐾+𝐾−𝛾𝛾 candidate with the least 𝜒4C
2 is retained

3. 𝜒4C
2 < 85 (optimized using FoM (𝑆/ 𝑆2 + 𝐵2) by the inclusive MC sample)

⚫ At least one good 𝑲+ and one good 𝑲−

1. Vr < 1.0 cm, Vz < 10.0 cm

2. |cos𝜃| < 0.93

3. PID (d𝐸/d𝑥, ToF):  Prob.(𝐾) > Prob.(𝜋),

: Prob.(𝐾) > 0.001



Observed cross section measurement of 𝒆+𝒆− → 𝝓𝜼

8

➢ Signal yield 𝑁𝜙𝜂 determination

• Unbinned maximum likelihood fit to the 𝑀 𝐾+𝐾−

distribution of events in 𝜂 mass window

• MC shape + Argus function

• 𝜂 mass window: 𝑀 𝛾𝛾 −𝑀𝜂 < 30 MeV/𝑐2

• There is no peaking background studied using 𝜂 sidebands 

• Estimated using the events in 𝜂 sidebands

• 𝜂 sidebands: 60 < 𝑀 𝛾𝛾 − 𝑀𝜂 < 90 MeV/𝑐2

• Resolution of 𝜂, 𝜎~10 MeV, is determined by fitting 𝑀(𝛾𝛾)

using a Crystal Ball function

• Due to the low statistics of data, asymmetry uncertainty on 

yield is retained

Observed cross section: 𝝈𝝓𝜼
𝐨𝐛𝐬 =

𝑵𝝓𝜼

𝓛 ⋅ 𝜺 ⋅ 𝓑 𝝓 → 𝑲+𝑲− ⋅ 𝓑(𝜼 → 𝜸𝜸)



Observed cross section measurement of 𝒆+𝒆− → 𝝓𝜼

➢ Efficiency 𝜀 (ConExc generator)

• Need correct simulation of ISR effect which depends on 

lineshape of 𝒆+𝒆− → 𝝓𝜼

Observed cross section: 𝝈𝝓𝜼
𝐨𝐛𝐬 =

𝑵𝝓𝜼

𝓛 ⋅ 𝜺 ⋅ 𝓑 𝝓 → 𝑲+𝑲− ⋅ 𝓑(𝜼 → 𝜸𝜸)

9

𝜀 =
ℒ ⋅ 0׬

𝐸0 𝜀 𝐸 ⋅ 𝝆 𝑬 ⋅ 𝝈 𝑬 d𝐸

ℒ ⋅ 0׬
𝐸0 𝝆 𝑬 ⋅ 𝝈(𝑬) d𝐸 (𝐸 is energy of ISR photon)

• Low-precision lineshape at 𝑠 = 3.00 − 3.12 GeV

• Corrected by the iterative MC-generating method[1]

• The lineshape below 2.7 GeV is not well determined

• Only events with 𝑋𝐼𝑆𝑅 = 𝑠′/𝑠 > 0.9 are used to estimate the 

efficiency

• 𝑠 ( 𝑠′) is the CM energy before (after) ISR photon 

emission 

[1]  Phys. Rev. D 104, 032007 (2021)
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𝝓𝜸,𝟑𝒈 measurement result of 𝑱/𝝍 → 𝝓𝜼

Positive phase Negative phase 

➢ The result shows a hint of 

interference between the strong 

and electromagnetic amplitudes
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One or two solutions?

➢ 1D-𝜒2 scan: fit the lineshape with 𝜙𝛾,3𝑔 fixed and other parameters float

➢ There are two solutions, but they are indistinguishable with 1𝜎 confidence: 𝜙𝛾,3𝑔 ∈ [133.1∘, 229.2∘]

➢ It is a result of the non-linear feature of the 𝜒2 function due to low statistics of data samples

➢ The result shows a hint of interference between the strong and electromagnetic amplitudes
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Summary

➢ The phase 𝜙𝛾,3𝑔 of 𝐽/𝜓 → 𝑉𝑃 final state:

• Scan method: 𝜙𝜂 final state: 𝜙𝛾,3𝑔 ∈ [133.1∘, 229.2∘] at 68% confidence level

• SU(3) model dependent analysis: ∼ 106∘ ± 10∘

➢ Critical problems about the phase:

• Universality: independent of the initial or final states?

• The sign of the phase? 

• Consistent with 𝜓′?

➢ More experimental results are needed for a physical conclusion

➢ More direct phase measurements in the 𝐽/𝜓 and 𝜓′ decay are performing

Thanks for your attention! 
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Backup



SU(3) model dependent analysis for 𝑱/𝝍 → 𝑽𝑷 decay

➢ Effective Lagrangian for the 𝐽/𝜓 → 𝑉𝑃 interaction based on 

SU(3) symmetry and its breaking:

➢ Vector and pseudoscalar nonets matrix 𝑉, 𝑃

➢ SU(3) violations

• 𝑄: violation for 𝑒

• 𝑆: violation for 𝑔

• 𝑆𝑣: violation for 𝑟 from 𝑃

• 𝑆𝑝: violation for 𝑟 from 𝑉

14
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Effective interaction vertex of 𝒆+𝒆− → 𝑱/𝝍 → 𝑽𝑷

➢ Vertex: (based on Lorentz covariance, P, and C conservation)

Γ𝜇𝜈(𝑞, 𝑘1, 𝑘2) = 𝑓 𝑠 ⋅ 𝜖𝜇𝜈𝜌𝜎 ⋅ 𝑘1
𝜌
⋅ 𝑘2

𝜎

➢ Propagator:

𝑃𝜇𝜈 = −
𝑖𝑔𝜇𝜈

𝑠
⋅ (1 +

3

𝛼
⋅
𝑠

𝑀
⋅

Γ𝑒𝑒
𝑠 − 𝑀2 + 𝑖𝑀Γ

)

➢ Effective interaction amplitude:

ℳ(𝑠1, 𝑠2, 𝑚) = ҧ𝑣 𝑝2, 𝑠2 ⋅ −𝑖𝑒𝛾𝜇 ⋅ 𝑢 𝑝1, 𝑠1 ⋅ 𝑃𝜇𝜈 ⋅ Γ
𝜈𝜌 𝑞, 𝑘1, 𝑘2 ⋅ 𝜖𝜌 𝑘1, 𝑚

➢ Born cross section of 𝑒+𝑒− → 𝐽/𝜓 → 𝑉𝑃:

𝜎𝐵𝑜𝑟𝑛 = ׬ dΩ∗
1

64𝜋2
⋅
1

𝑠
⋅
p𝑓
∗

p𝑖
∗ ⋅ ℳ

2
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𝝌𝟐 construction

𝜒2 =෍

i=1

26
𝜎𝑜𝑏𝑠 𝑊𝑖 − 𝑓 ⋅ 𝜎𝑒𝑥𝑝 𝑊𝑖

2

Δ𝜎𝑜𝑏𝑠 𝑊𝑖
2
+

1
2
(𝜎𝑒𝑥𝑝 𝑊𝑖 + Δ𝑊𝑖 − 𝜎𝑒𝑥𝑝(𝑊𝑖 − Δ𝑊𝑖))

2 +
1 − 𝑓

Δ𝑓

2

+෍

𝑖=1

3
𝑃𝑖
𝑃𝐷𝐺 − 𝑃𝑖

𝑓𝑖𝑡

Δ𝑃𝑖
𝑃𝐷𝐺

2

• Δ𝑓 = 4.2%, the correlated systematic uncertainty from efficiency, luminosity, and 𝐵𝑟𝜙→𝐾𝐾 ⋅ 𝐵𝑟𝜂→𝛾𝛾.

𝜎𝑖
𝑜𝑏𝑠 =

𝑁𝑖
ℒ𝑖 ⋅ 𝜀𝑖 ⋅ 𝐵𝑟 𝜙 → 𝐾+𝐾− ⋅ 𝐵𝑟(𝜂 → 𝛾𝛾)

= 𝑘𝑖 ⋅ 𝑁𝑖

𝑘𝑖 and Δ𝑘𝑖 the mean value and width of statistic ෡𝐾𝑖 at 𝑊𝑖 energy point

෡𝐾𝑖 ∼ 𝑁(𝑘𝑖 , Δ𝑘𝑖)

𝑓 =
෡𝐾𝑖
𝑘𝑖
∼ 𝑁 1,

Δ𝑘𝑖
𝑘𝑖

= 𝑁(1, Δ𝑓)
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Statistical results and systematic uncertainty of 𝝈𝝓𝜼
𝒐𝒃𝒔
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