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OutLine



➢The inner structure of baryons can be parameterized using electromagnetic form factors.

➢Experiments have reported cross section measurements for all members of the spin-parity 
𝐽𝑃 = 1/2 + baryon octet. Different behaviors have been observed near the threshold.

An unusual behavior near threshold with 𝑒+𝑒− → 𝑝 ҧ𝑝, 𝑛ത𝑛, ΛഥΛ
No obvious threshold effect was observed with 𝑒+𝑒− → Σ± തΣ∓, Σ0തΣ0, Ξ−തΞ+

➢The unexpected threshold behaviors is discussed as final-state interactions, bound states or 
near threshold meson resonances, or an attractive Coulomb interaction.

Motivation



➢The cross section of the process 𝑒+𝑒− → Σ0തΣ0 near its production threshold has been 
measured by the BESIII using the scan method. A nonzero threshold cross section was 
observed with a hint of an enhancement at 𝑠 = 2.5 GeV. However, due to limited statistics, 
a clear conclusion cannot be drawn.

➢BESIII has collected large luminosity data sets at 𝑠 = 3.773-4.258 GeV, which can be 
used to study 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 via initial state radiation (ISR) technique.

Motivation

BESIII:Phys. Lett. B 831 (2022), 137187 Belle:Phys. Rev. D 107 (2023), 072008



➢The BOSS versions and the Data sets are listed:

➢Monte Carlo Simulations

1. The exclusive MC: 𝑒+𝑒− → 𝛾ISRΣ0 തΣ0 with ConExc event generator.

2. The exclusive MC: 𝑒+𝑒− → 𝛾ISRΛതΣ0 + 𝑐. 𝑐. with ConExc event generator.

3. The exclusive MC:  𝑒+𝑒− → 𝜋0Σ0 തΣ0 with KKMC event generator.

4. The inclusive MC:  𝑒+𝑒− → 𝑞ത𝑞 (from official inclusive MC).

5. The exclusive MC: 𝑒+𝑒− → 𝛾ISR𝐽/𝜓 and 𝛾ISR𝜓 3686 with ConExc event generator. 

➢Data and MC at 𝑠 = 3.773 GeV used as an example in the following.

Boss version and DATA sets



➢The process 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 is studied with ISR technique. The 𝛾ISR is not detected, and 
the Σ0 and തΣ0 are reconstructed with the clean process Σ0 → 𝛾Λ → 𝛾𝑝𝜋− and തΣ0 → 𝛾ഥΛ →
𝛾 ҧ𝑝𝜋+, respectively.

Event selection

Good charged tracks：
1. cos𝜃 < 0.93
2. VXY < 10.0cm& V𝑍 < 30.0cm
3. 𝑁positive track ≥ 2&& 𝑁negative track ≥ 2

PID：
1. 𝑝:prob(𝑝)>prob(𝜋)&prob(𝑝)>prob(K)

2. 𝑁𝑝( ҧ𝑝 ) = 1

Λ and ഥΛ candidate

1. A Vertex fit with the p and the negative-charged 

tracks( ҧ𝑝 and the positive-charged tracks)

2. 𝑁Λ ≥ 1&&𝑁ഥΛ ≥ 1

Good Photon：

1. Angle𝑝 ҧ𝑝 ,photon ≥ 10° 20°

2. 𝑁photon ≥ 2

Σ0 and തΣ0 candidate

1. all the gamma, Λ and ഥΛ

2. Minimum of 𝑀𝛾Λ −𝑀Σ0
PDG 2

+ 𝑀𝛾ഥΛ −𝑀ഥΣ0
PDG 2

to selection the Σ0 and തΣ0candidate



𝐌𝚲(ഥ𝚲)with MC samples

➢Fitted to 𝐌𝚲(ഥ𝚲) of signal MC samples with double Gaussian function plus linear function, 
and estimated 𝜎 = 1.6 MeV.  Therefore, we required the mass window 𝐌𝚲 ഥ𝚲 −𝐌𝚲

𝐏𝐃𝐆 ≤
5.0 MeV.



𝐌𝚲(ഥ𝚲) distribution

➢The distributions of the invariant mass of Λ (left) and ഥΛ (right) at 𝑠 = 3.773 GeV. The 
black dots with error bars is the data, the blue and red dash histograms are the signal MC 
samples and the inclusive MC samples.



𝐌𝚺𝟎(ഥ𝚺𝟎)with MC samples

➢Fitted to 𝐌𝚺𝟎(ഥ𝚺𝟎) of signal MC samples with double Gaussian function plus linear function, 
and estimated 𝜎 = 4.5 MeV.  Therefore, we required the mass window [𝐌𝚺𝟎(ഥ𝚺𝟎) −
4𝜎,𝐌𝚺𝟎(ഥ𝚺𝟎) + 3𝜎]([1.175,1.205] GeV) is caused by that the  photon energy deposited 
in EMC has a long tail on the low energy side.



𝐌𝚺𝟎(ഥ𝚺𝟎)distribution

➢The distributions of the invariant mass of Σ0(left) and തΣ0 (right) at 𝑠 = 3.773 GeV. The 
black dots with error bars is the data, the blue and red dash histograms are the signal MC 
samples and the inclusive MC samples.



𝜽𝐦𝐢𝐬𝐬 distribution

➢The ISR photon polar angle 𝜃miss is defined as the angle between the momentum of the 
recoiling against the Σ0തΣ0 system and the beam direction. 

➢To suppress the hadronic background, in particular the process 𝑒+𝑒− → 𝜋0Σ0തΣ0, and 
according to the optimization diagram, the 𝜃miss is required to be in the region 𝜃miss < 
0.25 or 𝜃miss > 2.95 rad, where the S is the signal events and B is the backgrounds from the 
inclusive MC samples.



𝑼𝐦𝐢𝐬𝐬 distribution

➢The 𝑈miss is defined as 𝑈miss = 𝐸Σ0ഥΣ0
rec − 𝑃Σ0ഥΣ0

rec , where the 𝐸Σ0ഥΣ0
rec and 𝑃Σ0ഥΣ0

rec are the energy 
and momentum of the recoiling against the Σ0തΣ0system. 

➢According to the optimization diagram at 𝑠 = 3.773 GeV, the 𝑈miss is required to be in 
the region [-0.06,0.05] GeV, where the S is the signal events and B is the backgrounds from 
the inclusive MC samples.



Mass resolution of 𝚺𝟎ഥ𝚺𝟎

➢To reduce the impact of the mass resolution of Σ0തΣ0, when calculating cross section, the 
mass of Σ0തΣ0interval size should be greater than 5 times resolution, at least. 

➢According to the mass resolution of Σ0തΣ0 and the mass distributions of Σ0തΣ0of data, divide 
up the mass of Σ0തΣ0 to 9 intervals from threshold to 3.04 GeV.



Background analysis 

➢According to the topology analysis, the possible background channels we need to study are 
listed as follows. 𝑁sur is the number of events survived in the inclusive MC samples and 
the Ratio represents the ratio of 𝑁sur to the total events number. The process 𝑒+𝑒− →
𝛾ISRΣ0തΣ0 is signal channel.



Background analysis 

➢After the background analysis, we summarized the background channels. The 𝑒+𝑒− →
𝛾ISRΛതΣ0 + 𝑐. 𝑐. background events estimated using MC simulation method, the 𝑒+𝑒− →
𝜋0Σ0തΣ0 background events estimated with the Data-driven method, the non(semi)-Σ0തΣ0

background events estimated using the inclusive MC samples.  

𝒔 = 𝟑. 𝟕𝟕𝟑 GeV 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟓𝟖 GeV



Cross section and |𝑮𝐞𝐟𝐟|
➢The cross sections at each bin can be expressed as:

𝜎Σ0ഥΣ0( 𝑠) =
𝑑𝑁sig/𝑑𝑀Σ0ഥΣ0

𝜀∗ℬ2(Σ0)∗ℬ2(Λ)∗𝑑ℒint/𝑑𝑀Σ0ഥΣ0

➢The cross section for the process 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 depends on magnetic |𝐺𝑀| and electric 
|𝐺𝐸| from factors[From Phys. Rev. 124 (1961), 1577] as follows:

𝜎Σ0ഥΣ0( 𝑠) =
4𝜋𝛼2𝛽

3 𝑠
[ 𝐺𝑀 𝑠

2
+

1

2𝜏
𝐺𝐸 𝑠

2
]

➢ The cross section determines the linear combination of the squared from factors, and we 

define 𝐺eff 𝑠 to be the effective from factor[From Phys. Rev. D 91 (2015), 112004]:

𝐺eff 𝑠
2
=

2𝜏 𝐺𝑀 𝑠
2
+ 𝐺𝐸 𝑠

2

2𝜏+1



Cross section and |𝑮𝐞𝐟𝐟|

➢The 𝑒+𝑒− → Σ0തΣ0 cross sections and the distributions of the effective FFs.



Systematic uncertainty

➢The uncertainties of  the luminosity and the radiative function W(𝑠, 𝑥) are estimated 
to be 0.71% and 1.12% at 𝑠 = 3.773 and 4.128-4.258 GeV. (⇛⇛LF)

➢The uncertainty of the intermediate state branching fraction(Σ0(തΣ0) → Λ𝛾(ഥΛ𝛾) and 
Λ(ഥΛ) → 𝑝𝜋−( ҧ𝑝𝜋+) ) is estimated to be 1.6% . (⇛⇛BF)

➢The systematic uncertainty due to the photon reconstruction is estimated to be 
1.0%.(⇛⇛PR)

➢The systematic uncertainty due to the Λ(ഥΛ) reconstruction is estimated by studying 
the decay process 𝐽/𝜓 → 𝑝𝐾−Λ + c. c., and it is estimated to be 1.94% and 2.09% at 
𝑠 = 3.773 and 4.178 GeV. The uncertainties of other energy points between 4.128 

and 4.258 GeV is inherited from 4.178 GeV.(⇛⇛ ΛR)
➢The uncertainties of the Σ mass window requirement and the 𝑈miss requirement are 

estimated via studying the 𝜓 3686 → 𝛾𝜒𝐶0, 𝜒𝐶0 → Σ0തΣ0decay, and they are estimated  
to be 0.15% and 2.25%, respectively. (⇛⇛ ΣMW and 𝑈miss) 

➢The uncertainty due to the 𝜃miss requirement is estimated via studying 𝜓 3686 →
𝛾𝜒𝐶0(→ Σ0തΣ0) decay, and it is estimated to be 2.30%. (⇛⇛ 𝜃miss) 



Systematic uncertainty

➢The signal MC samples are generated in phase space (PHSP) model. To consider the 
uncertainty of  the angular distribution, the transverse polarization, and spin 
correlation between both hyperons Σ0, we employed the mDIY model. Using 𝜓(3686)
as a commissioning sample, the relative difference of detection efficiency from the 
PHSP mode and the mDIY model is regarded as the uncertainty of the MC model, and 
it is estimated to be 1.01%. (⇛⇛MCM)

➢The systematic uncertainty of the 𝑒+𝑒− → 𝛾ISRΛതΣ0 + 𝑐. 𝑐., 𝑒+𝑒− → 𝜋0Σ0തΣ0, and 
non(semi)-Σ0തΣ0 background events are discussed, and it is estimated to be 6.36% and 
5.94% at 𝑠 = 3.773 and 4.128-4.258 GeV. (⇛⇛ BKG)



Systematic uncertainty

Systematic uncertainty of two data set groups, 𝑠 =
3.773 and 4.128-4.258 GeV, are combined as 
average value weighted by detection efficiencies.

Summary of systematic uncertainty (%) to 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 cross 
section measurements in each 𝑀Σ0ഥΣ0 , combined all c.m energies.



Discussion of the cross section

➢The perturbative QCD-motivated [PR 550-551 (2015)] energy power (Method 1): 

➢The perturbative QCD-motivated energy power function is assumed to model the 
𝑒+𝑒− → 𝛾ISRΣ0തΣ0 line shape product by have considering the contribution of 
intermediate resonant state, and the function is expressed as (Method 2):  

Method 1 and 2 : 𝒄𝟎 and 𝒄𝟏 are the normalization and the contribution of resonant states
𝚲𝐐𝐂𝐃 = 𝟎. 𝟑 is the QCD scale.



Discussion of the cross section

According to the fit results with Method 1 and 
2, the statistical significance of adding the 
resonance is 2.6𝜎.



𝐌𝚺𝟎ഥ𝚺𝟎distribution

➢ It is possible to access the narrow resonances 𝐽/𝜓 (blue box) and 𝜓 3686 (red box). 

➢The distributions of the invariant mass of  Σ0തΣ0 at 𝑠 = 3.773 and 4.128-4.258 GeV. 



Fit to the 𝐌𝚺𝟎ഥ𝚺𝟎distribution
➢ The branching ratio obtained by formula:

Γ 𝑉 → 𝑒+𝑒− ℬ 𝑉 → Σ0തΣ0 =
𝑁sig

ℒtot∗𝜀𝑉∗ℬ
2(Σ0)∗ℬ2(Λ)

∗
𝑚𝑉∗𝑠

12𝜋2∗W(𝑠,𝑥0)
(𝑉 = 𝐽/𝜓)

➢ A simultaneous fit with 𝑠 =3.773 and 4.178 GeV: fitted to MΣ0ഥΣ0 with the correlation 
MC samples shape plus linear function, and estimated ℬ(𝐽/𝜓 → Σ0തΣ0). The ℬ(𝐽/𝜓 →
Σ0തΣ0) as a parameter.



Fit to the 𝐌𝚺𝟎ഥ𝚺𝟎distribution
➢ The branching ratio obtained by formula:

Γ 𝑉 → 𝑒+𝑒− ℬ 𝑉 → Σ0തΣ0 =
𝑁sig

ℒtot∗𝜀𝑉∗ℬ
2(Σ0)∗ℬ2(Λ)

∗
𝑚𝑉∗𝑠

12𝜋2∗W(𝑠,𝑥0)
(𝑉 = 𝜓(3686))

➢ A simultaneous fit with 𝑠 =3.773 and 4.178 GeV: fitted to MΣ0ഥΣ0 with the correlation 
MC samples shape plus linear function, and estimated ℬ(𝜓(3686) → Σ0തΣ0). The 
ℬ(𝜓(3686) → Σ0തΣ0) also as a parameter.



𝓑(𝑱/𝝍 𝝍 𝟑𝟔𝟖𝟔 → 𝚺𝟎ഥ𝚺𝟎)
➢The measured of ℬ(𝐽/𝜓 𝜓 3686 → Σ0തΣ0) are listed as follows:

➢They are consistent with the values ℬ(𝐽/𝜓 𝜓 3686 → Σ0തΣ0) measured by BESIII (Phys. 
Rev. D 95 (2017), 052003), respectively.

➢As a check, the sideband method has been used to extract the signal yields and the results 
of two method are consistent.



Systematic uncertainty(BF)
Some sources of systematic uncertainty on the measurement of the ℬ(

)
𝐽/𝜓(𝜓(3686)) →

Σ0തΣ0 are the same as the cross section measurement. So, summary of the systematic 
uncertainty contributions (%) to the measurement of the branching fraction of 
𝐽/𝜓(𝜓(3686)) → Σ0തΣ0.



Summary

➢ Based on data samples with the luminosity of 29.34 fb−1 at 𝑠 = 3.773 and 4.128-

4.258 GeV, the cross sections for process 𝑒+𝑒− → 𝛾ISRΣ0തΣ0and the Σ0(തΣ0) effective 

FFs have been measured in 9 Σ0തΣ0 mass intervals from threshold to 3.04 GeV with ISR 

technique. 

✓ The resulting cross sections of 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 channel and the Σ0(തΣ0)
effective FFs are consistent with previous results from BESIII(Phys. Lett. B 831 

(2022), 137187) in different Σ0തΣ0 mass intervals. 

✓ In addition, the branching fractions of 𝐽/𝜓 𝜓 3686 → Σ0തΣ0decays are also 

measured. The results are in good agreements with the latest measurements of 

BESIII(Phys. Rev. D 95 (2017), 052003).



➢Monte Carlo Simulations at 𝑠 = 3.773 GeV

Backup



➢The dependence of the MC efficiency on ΛതΣ0 invariant mass can be obtained by using the 
𝑀ΛഥΣ0spectrum from MC truth after being selected by the signal selection criteria to divide 
that at generator level. And the total number of events of 𝑒+𝑒− → ΛതΣ0 + 𝑐. 𝑐. MC sample is 
8120000.

➢According to the 𝑒+𝑒− → ΛതΣ0 + 𝑐. 𝑐. lineshape and the distribution of effective luminosity 
of DATA after ISR process, calculate the expected events number of the 𝑒+𝑒− → ΛതΣ0 + 𝑐. 𝑐.
The number of expected events of the 𝑒+𝑒− → ΛതΣ0 + 𝑐. 𝑐. is calculated as 22075.9, so the 
number of events with decays Σ0, Λ and ഥΛ is 9014.1. We can obtained the scaling factor is 
calculated as 1.11 × 10−3.

➢Finally, we scale the 𝑀Σ0ഥΣ0 spectrum from MC and obtain the 𝑀Σ0ഥΣ0 spectrum, which is the 
pollution from process 𝑒+𝑒− → ΛതΣ0 + 𝑐. 𝑐.. The number of events of this background is 
estimated as 12.4 ± 3.5.

𝚲ഥ𝚺𝟎Background yields



➢To ensure a good description of the 𝑒+𝑒− → 𝜋0Σ0തΣ0 background in the simulation, we 
adopted a series of selection conditions. This selection provides a clean 𝑒+𝑒− →
𝜋0Σ0തΣ0 event samples.

➢The efficiency distributions of the 𝑒+𝑒− → 𝜋0Σ0തΣ0 MC samples corresponding to the 
𝑒+𝑒− → 𝛾ISRΣ0തΣ0(left) and 𝑒+𝑒− → 𝜋0Σ0തΣ0(right) selection criteria at 𝑠 = 3.773 GeV.

𝝅𝟎𝚺𝟎ഥ𝚺𝟎Background yields



➢To calculate the remaining 𝑒+𝑒− → 𝜋0Σ0തΣ0 background contamination in the selected the 
𝑒+𝑒− → 𝛾ISRΣ0തΣ0 signal candidates weighting method is applied:

𝑁
𝜋0Σ0ഥΣ0
bkg

= 𝜀
𝜋0Σ0ഥΣ0
bkg

⋅ 𝑁𝜋0Σ0ഥΣ0
DATA /𝜀𝜋0Σ0ഥΣ0

MC

where the 𝑁
𝜋0Σ0ഥΣ0
bkg

is the estimated number of remaining 𝑒+𝑒− → 𝜋0Σ0തΣ0 background 

events with the 𝑒+𝑒− → 𝛾ISRΣ0തΣ0 events selected, 𝑁𝜋0Σ0ഥΣ0
DATA is the numbers of the 𝑒+𝑒− →

𝜋0Σ0തΣ0 events selected from the DATA, the 𝜀
𝜋0Σ0ഥΣ0
bkg

(𝜀𝜋0Σ0ഥΣ0
MC ) is obtained by using the 𝑀Σ0ഥΣ0

spectrum of the 𝑒+𝑒− → 𝜋0Σ0തΣ0 MC samples after being selected by 𝑒+𝑒− →
𝛾ISRΣ0തΣ0(𝑒+𝑒− → 𝜋0Σ0തΣ0) selection criteria to divide that from MC truth. 

➢ Meanwhile, the 𝑀Σ0ഥΣ0 spectrum for process 𝑒+𝑒− → 𝜋0Σ0തΣ0 from DATA and its 
background estimated by 2D sideband method are obtained. 

➢ For the determination of the dressed cross section for the process 𝑒+𝑒− → 𝛾ISRΣ0തΣ0, the 
𝑁
𝜋0Σ0ഥΣ0
bkg

is calculated in each 𝑁
𝜋0Σ0ഥΣ0
bkg

intervals.

𝝅𝟎𝚺𝟎ഥ𝚺𝟎Background yields



➢We plan to use the inclusive MC samples to estimate the number of the non-Σ0തΣ0

background or semi-Σ0തΣ0 background events, the number of the background events in 
signal region is calculated as 𝑁non−Σ

INMC /𝑁Eevnt
INMC ∗ 𝑁Eevnt

DATA, where the 𝑁Eevnt
INMC and 𝑁Eevnt

DATA are the 
number of events remaining after applying all selection criteria, respectively. The 𝑁non−Σ

INMC is 
the number of events that remain after applying all selection criteria and excluding those 
involving the Σ baryon process.

Non(semi)-𝚺𝟎ഥ𝚺𝟎Background 

𝒔 = 𝟑. 𝟕𝟕𝟑 GeV 𝒔 = 𝟒. 𝟏𝟐𝟖 − 𝟒. 𝟐𝟓𝟖 GeV



Cross section



MC-DATA



Results


