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Updating

• Boss version : 6.6.5.p01 → 7.0.3 .

• Add data points.

• Checked the generator model of ConExc at 𝑠 = 2.125𝐺𝑒𝑉.
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Motivation

➢ Perturbative QCD theory fails to describe this energy region. Therefore it is vitally important to gain 

sufficient information from experiment to be used as input for various QCD-based theoretical models.

➢ In particular, precise measurements of light hadron production cross section is mandatory for getting 

knowledge about vacuum polarization effects, so that the hadronic contribution to the running fine-

structure constant α(s) can be estimated, and further to extend to the Z−boson mass point and to get the 

value 𝛼(𝑍
𝑀2
), which is a key value to precisely test on standard model.

➢ The cross sections are used to extract the resonance parameters for excited ρ and ϕ states. Recently, 

charmonium-like states, such as the Y(4260), Y(4360) and so on, have been observed in 𝑒+𝑒−collisions, 

and measurements of their decay modes, masses and widths are desirable.



➢BOSS version: 7.0.3.

➢Signal MC  : 𝑒+𝑒− → 𝜂𝜙, 𝜙 → 𝐾+𝐾−, η → 𝛾𝛾(500000 for each energy point).

➢ISR MC  : 𝑒+𝑒− → 𝜙𝛾𝐼𝑆𝑅, 𝜙 → 𝐾+𝐾− (500000 for each energy point).

➢ Data Sets : The search of 𝑒+𝑒− → 𝜂𝜙 based on data samples collected with 

the BESIII detector at center-of-mass energy above 4 GeV.

Data set 

We checked the generator model of ConExc at 

𝑠 =2.125GeV. The angle distribution  and 

momentum distribution of  it shown in backups.



➢Charged Tracks :

• |𝑉𝑥𝑦 |<1.0 cm   |𝑉𝑟|<10.0 cm

• |𝑐𝑜𝑠𝜃|<0.93

• Ngood >= 2 && σ𝑄𝑖=0

• N(+) = 1 && N(-) = 1

➢Neutral Tracks :

• 𝐸𝑚𝑖𝑛 > 25 MeV for |𝑐𝑜𝑠𝜃|< 0.8

• 𝐸𝑚𝑖𝑛 > 50 MeV for 0.86< |𝑐𝑜𝑠𝜃|< 0.92

• TDC : 0 ≤ t ≤ 14 (with a unit of 50 ns)

• Ngood >= 2

➢PID

• Only Kaon

➢𝜙 :

• mass : |𝑚𝑘𝑘 −1.019|<2𝜎𝑚𝑘𝑘

➢𝜂 :

• mass : 0.4 < Mγγ < 0.7 GeV/c2

• 𝜃𝛾𝛾 : 𝜃𝛾𝛾 < 1.5 radian

Event selection



Event selection

Fit results of 𝑀𝐾+𝐾− . We get the 𝜎𝑚𝑘𝑘
=4.91 ± 0.35𝑀𝑒𝑉.

The distribution of 𝜃𝛾𝛾 . 

𝑥4𝐶
2 distribution 

The distribution of 𝑀𝛾𝛾 .

𝑠 = 4.180𝐺𝑒𝑉

The distribution of 𝑀𝐾+𝐾−.  

Fit results of 𝑀𝛾𝛾 .



Event selection

The distribution of invariant mass of 𝜙 ( |𝑚𝑘𝑘 − 1.019|<2𝜎𝑚𝑘𝑘
) 



Event selection

𝑥4𝐶
2 distribution (𝑥4𝐶

2 <100)



Event selection

𝑥4𝐶
2 distribution (𝒙𝟒𝑪𝟐 <100)The distribution of θ between γ and γ (angle < 1.5 radian)



Event selection

𝑥4𝐶
2 distribution (𝒙𝟒𝑪𝟐 <100)

The distribution of invariant mass of 𝜂 (with and without requirement of the cut on the two photon open angle 

for the data)  



Data analysis
The fitting result of 𝑚𝛾𝛾(The signal shape : the signal MC line shape convolving with a Gaussian function. The 

background shape : taken as a first order Chebychev function.)



Summary of fitting

Summary of signal yield and the statistical significance



Born cross section 

➢ : radiative 

correction factor.

➢ : the vacuum polarization 

contribution.

➢ : radiator function 

taken from QED calculation with 

accuracy 0.1%.

➢ : Born cross section.



Systematic uncertainty l

➢Photon reconstruction :  1% .

➢Tracking Efficiency and PID for kaon : Determined to be 1% and 2% per track, respectively.

➢Event selection criteria

• Kinematic fit : By the track-parameter-corrected method.

•𝜙 mass window : enlarging its width by one standard deviation.

• θγγ window : changing to 1.3, 1.4, 1.6 and 1.7 radian.

The uncertainties in the Born cross sections are estimated with:    

where Born cross section difference,                      correspond to the change of the differences.



Systematic uncertainty ll

➢ Fitting : Due to  the difference between the signal yields and the nominal ones.

➢ Integrated luminosity : Determined to be 1.1% at 𝑠 =4.040 GeV, 1.0% at other energy points.

➢ Radiative correction factor : Associating with radiative correction factor is estimated with different 

parametrization of input cross sections.

➢ Branching fraction :  The total uncertainty from the two branching  fractions comes to be 1.14% for all the 

energy points.



Summary of systematic uncertainties(%) l
PR, TE, KF, 𝜙MW, BS, FR, IL, RCF and BR is photon reconstruction, tracking efficiency, kinematic fit, 𝜙
mass window, background shape, fitting range, integrated luminosity, radiative correction factor and branching 

ratio, respectively.



Summary of systematic uncertainties(%) ll



Cross section for 𝑒+𝑒− → 𝜂𝜙

➢ To extract the Born cross section for the resonance Y(4220) or Y(4260) production in this decay 

mode, the measured cross sections around 4.2196 GeV or 4.230 GeV are assumed due to the continuum 

process and the Y(4220)/Y(4260) resonance. 

➢ We fit the distribution of Born cross sections measured at these energy points  with the following formula, 

with the orbit angular momentum L = 1 between the final state 𝜙 and η particles:

where  ci are taken as real constants， which imply that the phase angles 𝜙1 and 𝜙2 for two resonances are 

relative to the continuum component. Mi and Γi fixed to the masses and widths of Y(4220) or Y(4260) resonances, 

respectively, the 𝜙 is the relative phase angle between the Breit-Wigner function and exponential function. P(s) is 

the magnitude of 𝜙 momentum in 𝑒+𝑒− CM system. 



Cross section for 𝑒+𝑒− → 𝜂𝜙

➢ Fit results of the distribution for Born cross section.

The left shows fit results with continuum alone. The middle plot show the fitting results of Born cross sections with 

significance larger than 5σ (points with error bars). The right plot show the fit to all measured cross sections, include energy 

points with significance less than 5σ.

➢ The Born cross section of Y(4220) at 4.2196 GeV is determined to be σ1 ( 𝑠 = 4.22) = (3.20 ± 3.18) × 10−2 pb with phase 

angle ∅1= (5.63 ± 0.39) radian; the Born cross section of Y(4260) at 4.230 GeV is σ2 ( 𝑠 = 4.26) = (0.00 ± 9.34) × 10−3 Pb 

with phase angle ∅2 = (0.19±4.75) radian with statistical significance of resonance 1.20σ. 



Next to do

➢ Continue answering questions and updating the memo.

➢ Run the process of 𝑒+𝑒− → 𝜂𝜙, 𝜙 → 𝐾+𝐾−, η → 𝜋+𝜋−𝜋0 and 𝑒+𝑒− → 𝜂𝜙, 𝜙 → 𝐾+𝐾−, η → 𝜋0𝜋0𝜋0.



Thanks for your attention!



Backups



Checked the generator model of ConExc

➢ In order to check the reliability of the generator model of ConExc on the measurements of cross section

For 𝜂𝜙 production, we use data taken at 2.125 GeV and to compare various distribution between the data and 

Monte Carlo simulation. 

Event selection

➢Charged Tracks :

• |𝑉𝑥𝑦 |<1.0 cm   |𝑉𝑟|<10.0 cm

• |𝑐𝑜𝑠𝜃|<0.93

• Ngood >= 2 && σ𝑄𝑖=0

• N(+) = 1 && N(-) = 1

➢Neutral Tracks :

• 𝐸𝑚𝑖𝑛 > 25 MeV for |𝑐𝑜𝑠𝜃|< 0.8

• 𝐸𝑚𝑖𝑛 > 50 MeV for 0.86< |𝑐𝑜𝑠𝜃|< 0.92

• TDC : 0 ≤ t ≤ 14 (with a unit of 50 ns)

• Ngood >= 2

➢PID

• Only Kaon

➢𝜙 :

• mass : |𝑚𝑘𝑘 −1.019|< 0.030GeV

• 4C kinematic fit : 𝑥4𝐶
2 < 100



Checked the generator model of ConExc

➢We generate MC samples for 𝑒+𝑒− → 𝜙𝛾𝐼𝑆𝑅 process, containing 5 × 105 events for this energy point, with 

generator model VECTORISR, but only 20 events by the event selection. 

Event selection

The γγ1 invariant mass spectrum of MC events for for 𝑒+𝑒− → 𝜙𝛾𝐼𝑆𝑅 at 2.125 GeV.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Momentum of K ± and 𝜙 distribution at the 𝑒+𝑒− center-of-mass.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Momentum of γ distribution at the 𝑒+𝑒− center-of-mass, γ1 , γ2 and γγ, respectively.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Helicity angle of cosθK distribution.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Helicity angle of cosθγ distribution at the 𝑒+𝑒− center-of-mass, γ1 , γ2 and γγ, respectively.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Angular distribution of η meson, cosθη , at the 𝑒+𝑒− center-of-mass.



Checked the generator model of ConExc

Data/MC comparison for selection criteria

Angular distribution of 𝜙 meson, cosθ𝜙,at the 𝑒+𝑒− center-of-mass.



Background check from Inclusive MC

At 4.230GeV



Parametrization of input cross sections

The fit results of cross section and used as input of ConExc model. The 

dots with errors are measured cross sections, and curve is the fitted result.



Event selection

𝑥4𝐶
2 distribution (𝒙𝟒𝑪𝟐 <100)The distribution of 𝑐𝑜𝑠𝐾−



Event selection

The distribution of 𝑐𝑜𝑠𝐾+



Event selection

The distribution of  momentum of 𝜙 meson


