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Electromagnetic Form Factors

• The cross section for the process 𝑒+𝑒− → 𝐵𝐵 via one-photon exchange, where B is a 

spin 1/2 baryon, can be expressed in terms of the electric and magnetic FFs GE and GM

by following formula:

• 𝑠 is the invariant mass of the hadronic system

• α =1/137.036 is the fine-structure constant

• 𝛽 = 1 − 4𝑀𝐵
2/𝑠 is the velocity

• 𝜏 = 𝑠/4𝑀𝐵
2, 𝑀𝐵 is the mass of the baryon.

• Coulomb correction factor 𝐶 = ቊ
1, 𝑓𝑜𝑟 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑛𝑒𝑢𝑡𝑟𝑎𝑙 𝑏𝑎𝑟𝑦𝑜𝑛𝑠

𝑦/ 1 − 𝑒−𝑦 , 𝑦 = 𝜋𝛼 1 + 𝛽2 /𝛽, 𝑓𝑜𝑟 𝑝𝑎𝑖𝑟𝑠 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑏𝑎𝑟𝑦𝑜𝑛𝑠
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Analysis Strategy

• We use two method to select the signal events:

• 1、Tagged method: Selecting all final particles including 𝛾𝐼𝑆𝑅𝑝𝜋0𝑝𝜋0. However, this 

method can only detect 𝛾𝐼𝑆𝑅 entering the EMC, and small-angle 𝛾𝐼𝑆𝑅 cannot be detected.

• 2、Untagged method: We select 𝑝𝜋0𝑝𝜋0 and miss 𝛾𝐼𝑆𝑅. Since most 𝛾𝐼𝑆𝑅 are emitted at 

small angles, we can exclude a large amount of background by restricting their angles.

𝛾𝐼𝑆𝑅𝑝𝜋0𝑝𝜋0𝛾𝐼𝑆𝑅Σ+Σ
−

𝑒+𝑒−

Tagged Untagged
Combine?

select γISR with large angle 

select γISR with small angle 
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Data Sets

𝒔 𝑮𝒆𝑽 Sample Type Run number Luminosity [pb-1] Total Luminosity

3.773

Round03 (2010) 11414-13988,14395-14604
2931.8±0.2±13.8

20247.8 pb-1

Round04 (2011) 20488-23454

Round15 (2022) 70522-73929 4995±19

Round16 (2023) 74031-78536 8157±31

Round17 (2024) 78615-81094 4191±16

• 1、Data :

• 2、Monte Carlo simulations(MC) ( 𝑠 = 3.773 GeV):

The signal MC:  

The generator software package ConExc is used to simulate the signal MC samples.
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Other selections:

➢ Number of 𝑝 = 1 𝑎𝑛𝑑 ҧ𝑝 = 1

➢ For untagged method: 𝛾 ≥ 4 𝑎𝑛𝑑 𝜋0 ≥ 2

➢ For Tagged method: 𝛾 ≥ 5 𝑎𝑛𝑑 𝜋0 ≥ 2

Reconstruct 𝜋0:

➢ 𝑀 𝛾𝛾 −𝑀 𝜋0 ∈ −60,40 𝑀𝑒𝑉

➢ A kinematic fit be used, 𝜒2 < 25

Good charged tracks：

➢ cos𝜃 ≤ 0.93 , 𝑉x𝑦 ≤ 2𝑐𝑚 , 𝑉𝑧 ≤ 10𝑐𝑚

PID：

➢ 𝑝:prob(𝑝)>prob(𝜋)&prob(𝑝)>prob(K)

Photon：

➢ 𝐸𝛾 > 25𝑀𝑒𝑉 cos𝜃 ≤ 0.86

➢ 𝐸𝛾 > 50𝑀𝑒𝑉 0.86 ≤ cos𝜃 ≤ 0.92

➢ Time cut: 0 ≤ 𝑇 ≤ 700𝑛𝑠

➢ The angle of photon and proton > 10°

➢ The angle of photon and anti-proton > 20°

Event Selection
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For Untagged Method：

➢ Select minimum Δ𝑚 = 𝑀𝑝𝜋0 −𝑀Σ+
2
+ 𝑀 ҧ𝑝𝜋0 −𝑀ഥΣ−

2

➢ Mass cut:  𝑀Σ+(ഥΣ−) ∈ 1.16,1.21 [𝐺𝑒𝑉]

➢ 𝑈𝑚𝑖𝑠𝑠 cut: −0.14 < 𝑈𝑚𝑖𝑠𝑠 < 0.06 [𝐺𝑒𝑉]

𝑈𝑚𝑖𝑠𝑠 = 𝐸Σ+ഥΣ−
𝑟𝑒𝑐 − 𝑃Σ+ഥΣ−

𝑟𝑒𝑐

➢ 𝜃𝑚𝑖𝑠𝑠 cut:  𝜃𝑚𝑖𝑠𝑠 < 0.25 𝑜𝑟 𝜃𝑚𝑖𝑠𝑠 > 2.90 [𝑟𝑎𝑑𝑠]

𝜃𝑚𝑖𝑠𝑠 means the angle between the momentum of the recoiling against the 

Σ+തΣ− system and beam direction

Event Selection
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Study of Event Selection
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For Tagged Method：

➢ Select minimum Δ𝑚 = 𝑀𝑝𝜋0 −𝑀Σ+
2
+ 𝑀 ҧ𝑝𝜋0 −𝑀ഥΣ−

2

➢ A kinematic fit is used, there are 5𝛾, 1𝑝 𝑎𝑛𝑑 1 ҧ𝑝. And we 

require 𝜒2 < 50.

➢ A kinematic fit of background is used (6𝛾, 1𝑝, 1 ҧ𝑝). If 𝜒𝐵𝐺
2 <

𝜒𝑠𝑖𝑔
2 , then we exclude this event. (exclude 𝜋0Σ+തΣ−)

➢ 𝜃𝑚𝑖𝑠𝑠 cut:  0.25 < 𝜃𝑚𝑖𝑠𝑠 < 2.90 [𝑟𝑎𝑑𝑠]

➢ 𝑈𝑚𝑖𝑠𝑠 cut: −0.06 < 𝑈𝑚𝑖𝑠𝑠 < 0.06 [𝐺𝑒𝑉]

➢ Mass cut:  𝑀Σ+(ഥΣ−) ∈ 1.16,1.21 [𝐺𝑒𝑉]

Event Selection

𝜒2 < 50
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Tagged Result

Sideband Region:

For the tagged method, the main 

background are 𝜋0 ΣΣ from 

IncMC topology. The sideband 

method is used to estimate other 

background. Considering the low 

efficiency and high background, 

we have abandoned this method.

2010-11 3773 data
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Untagged Results

Sideband Region:

For the untagged method, the 

background is cleaner. We should 

estimate its background. There are 

two methods: 

1. Estimate using IncMC; 

2. Estimate using sideband + 𝜋0 ΣΣ

Whole 3773 data
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Untagged Result

Unknown
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𝝅𝟎𝚺𝚺 BG Estimate

We use another code to select 𝝅𝟎𝚺𝚺 code1: select γΣΣ(signal). code2: select 𝝅𝟎𝚺𝚺(bkg)

Code2 Event Selection：

a  The same as untagged method, select 𝑝 𝜋0 ҧ𝑝 𝜋0 tracks first.

b  Limit 𝑈𝑚𝑖𝑠𝑠 < −0.14 𝑜𝑟 𝑈𝑚𝑖𝑠𝑠 > 0.06 to exclude 𝜸𝚺𝚺 signal.

c  Loop all 𝜋0 and make kmfit, select the minimum 𝜒2 event.

𝜋0ΣΣ N1

wrong 
selected 𝜋0

ΣΣ 𝑁2

𝑎𝑙𝑙 𝜋0ΣΣ N𝑐𝑜𝑑𝑒2

Exclusive 

MC Sample

𝜋0ΣΣ N1 data

𝑁2 = ?

Data 𝑎𝑙𝑙 𝜋0ΣΣ
N’

𝑐𝑜𝑑𝑒2

𝑐𝑜𝑑𝑒1

𝑐𝑜𝑑𝑒1
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𝝅𝟎𝚺𝚺 BG Estimate

code1: select 𝜸𝚺𝚺(signal). code2: select 𝝅𝟎𝚺𝚺(bkg)

In Exclusive MC:

1、𝜀𝑠𝑖𝑔
𝑖 means the number of bkg(𝝅𝟎𝚺𝚺) events Ni misidentified as 

signal(𝜸𝚺𝚺) ratio --> Code1

𝜀𝑠𝑖𝑔
𝑖 = 𝑁2

𝑖/𝑁𝑖

2、𝜀𝑐𝑟
𝑖 means the efficiency of bkg(𝝅𝟎𝚺𝚺) selection --> Code2

𝜀𝑐𝑟
𝑖 = 𝑁1

𝑖/𝑁𝑖

In Data:

3、We can estimate the number of 𝝅𝟎𝚺𝚺 misidentified as signal(𝜸𝚺𝚺) 

number: 

𝑁2 𝑑𝑎𝑡𝑎 = 𝑁’ · 𝜀𝑠𝑖𝑔
𝑖 = 𝑁1 𝑑𝑎𝑡𝑎

𝑖 /𝜀𝑐𝑟
𝑖 · 𝜀𝑠𝑖𝑔

𝑖 = 𝑅𝑁1 𝑑𝑎𝑡𝑎
𝑖 𝑅 =

𝜀𝑠𝑖𝑔
𝑖

𝜀𝑐𝑟
𝑖

𝜋0ΣΣ N1

wrong 
selected 𝜋0

ΣΣ 𝑁2

𝑎𝑙𝑙 𝜋0ΣΣ N

𝜀𝑐𝑟

𝜋0ΣΣ N1 data

𝑁2 = ?

Data 𝑎𝑙𝑙 𝜋0ΣΣ
N’

𝜀𝑠𝑖𝑔

𝜀𝑐𝑟

𝜀𝑠𝑖𝑔

Exclusive 

MC Sample
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Calculation the Cross Section

Here, 𝑑ℒ𝑖𝑛𝑡/𝑑𝑀Σ+ഥΣ− = 𝑊 𝑠, 𝑥 · ℒ𝑖𝑛𝑡
𝑊 𝑠, 𝑥 =

𝛼

𝜋𝑥
ln

𝑠

𝑀𝑒
2 − 1 · 2 − 2𝑥 + 𝑥2 , 𝑥 = 1 −

𝑀Σ+ഥΣ−
2

𝑠

Cross Section：

If higher-order terms are considered (to more accurately describe the ISR process), then 𝑊(𝑠, 𝑥):

From this, we can calculate the production cross section of ΣΣ in each bin.
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Resolution Study

To improve the 𝑀ΣΣ mass resolution, we correct 𝑀ΣΣ to 

(𝑀ΣΣ)𝑐𝑜𝑟𝑟𝑒𝑐𝑡 = 𝑀ΣΣ −𝑀𝑝𝜋0 −𝑀 ҧ𝑝𝜋0 + 2𝑀Σ(𝑝𝑑𝑔)

We generate mass = 2.7GeV, width = 0 particle MC Sample

𝑤𝑖𝑑𝑡ℎ ≈ 10𝑀𝑒𝑉
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Uncertainty

Source Uncertainty [%]

Tracking and PID (𝑝 𝑎𝑛𝑑 ҧ𝑝) 1.6

𝜋0 reconstruction 3.26?

Σ mass window 0.98

𝑈𝑚𝑖𝑠𝑠 requirement 1.11

𝜃𝑚𝑖𝑠𝑠 requirement 2.76

Background estimation 4.11 1.01 1.61 0.10 2.74 2.30 5.15 4.16 1.48 1.11 2.37

Angular distribution 4.66 9.71 9.06 7.41 8.08 3.92 4.87 4.73 3.79 4.01 4.33

Luminosity 0.5

Related branching fraction 1.18



1、Umiss Uncertainty
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Source 𝜺𝒅𝒂𝒕𝒂 𝜺𝑴𝑪 Uncertainty

Umiss 
requirement

99.60% 98.49% 1.11%

𝑈𝑚𝑖𝑠𝑠 ∈ −0.14,0.06



2、sideband uncertainty
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BES result My result



3、MC efficiency correction for 𝜋0
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Thank you!
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