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 Time-like FF’s are complex, 𝐺𝐺𝐸𝐸 = 𝐺𝐺𝐸𝐸 𝑒𝑒𝑖𝑖Φ𝐸𝐸, 𝐺𝐺𝑀𝑀 = 𝐺𝐺𝑀𝑀 𝑒𝑒𝑖𝑖Φ𝑀𝑀 Relative phase: ∆Φ 𝑞𝑞2 = Φ𝐸𝐸 − Φ𝑀𝑀

 A non-zero phase has polarization effect on the Baryons, even for unpolarized initial state:      𝑃𝑃

𝑦𝑦 ∝ sin ∆Φ

Introduction(I)



Hyperons – key to the strong interaction

• Systems with strangeness
– Scale: ms ≈ 100 MeV ~ ΛQCD≈ 200 MeV: Relevant degrees of 

freedom?
– Probes QCD in the confinement domain.         

• Systems with charm 
– Scale: mc ≈ 1300 MeV: Quarks and gluons more relevant.
– Probes QCD just below pQCD.

• The angular distribution of daughter baryon from Hyperon 
weak decay is:

• 𝛼𝛼𝛬𝛬: asymmetry parameter
• �𝑞𝑞: unit vector along the daughter baryon in hyperon rest frame

Polarization experimentally accessible by the weak, parity 
violating decay

Example: Angular distribution of Λ→pπ-

I(cosθp) = N(1+αΛ PΛ cosθp)
PΛ= PΛ (cosθΛ) : polarisation (production) 

αΛ : asymmetry parameter (decay)

proton Λ 𝞚𝞚𝒄𝒄

c
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BESIII data samples
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Measurement of nucleon 
form factor by studying  
𝒆𝒆+𝒆𝒆−→pp—
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Selection Criteria
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1. Two charged tracks 
from the vertex

2. |cos𝞱𝞱|<0.93 (0.80 for
𝒔𝒔 >2.4GeV)

3. PID (tof & dE/dx)
4. 𝞱𝞱pp<1780(1790)
5. |pmea-pexp|<5𝞼𝞼p
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Background analysis
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Separated 
beam data

Background events are 
almost negligible 
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Result of analysis
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Energy scan method

𝞼𝞼Born=
𝑵𝑵obs−𝑵𝑵bkg

ℒ�𝜺𝜺�(𝟏𝟏+𝜹𝜹)

|𝐆𝐆| =
𝛔𝛔𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁

𝟖𝟖𝟖𝟖. 𝟖𝟖𝟖𝟖 � 𝛃𝛃
𝐬𝐬 (𝟏𝟏 +

𝟐𝟐𝐦𝐦𝐩𝐩
𝟐𝟐

𝐬𝐬 )



Comparison with other Experiment
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1. |GE| and |GM| extracted individually
2. Precision between 11% and 28%
3. Consistent with previous one at 
same q-range              12 c.m. energy

2019-12-18 10

Phys. Rev. D91, 112004 (2015)



ISR-Tagged Analysis for Proton
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ISR  method
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Results from ISR-Tagged Analysis
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Measurement of nucleon 
form factor by studying  
𝒆𝒆+𝒆𝒆−→nn—
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Neutron Form Factors in the Space-and Time-Like 
Region
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Analysis Strategy
Category B

Category A

Category C
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Extraction of Signal Yield
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Cross section & FF calculation
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Analysis  Results
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Analysis  Results
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Analysis Results

2019-12-18 study of baryon form factor at BESIII 20



study of baryon form factor at BESIII

Cross section measurement 
of 𝒆𝒆+𝒆𝒆−→ΛΛ with BESIII at 
2.3960 GeV

—

2019-12-18 21



Status on hyperon FFs
Rare experimental results on Hyperon FF

Phys. Rev. D 76, 092006 (2007) Phys. Lett. B 739 (2014) 90–94

Babar CLEO-c

q2=14.2 GeV2

• diquark correlation evidence
• favor spin–isospin singlet
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Hyperons structure
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Data sample and event selection 
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Results of Born cross section and effective EMFFs

 With data collected at 𝑠𝑠 = 2.396 GeV, large statistic
 By exclusive decay mode, i.e. Λ → 𝑝𝑝𝜋𝜋−,Λ → �𝑝𝑝 𝜋𝜋+

 The Born cross section 𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑁𝑁_𝑠𝑠𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
(𝐿𝐿𝜀𝜀(1+𝛿𝛿)𝐵𝐵𝐵𝐵(Λ→𝑝𝑝𝜋𝜋−)𝐵𝐵𝐵𝐵(Λ→𝑝𝑝𝜋𝜋+)

 ISR correction factor 1+δ is from ConExc
 is the detection efficiency , L is the luminosity
 𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠= 118.7 ±5.3(stat)± 5.1(syst)  pb

 Effective form factor are related to 𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵𝑠𝑠 , |G(𝑞𝑞2)|= 𝜎𝜎𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵(𝑞𝑞2)

(1+ 1
2𝜏𝜏)(4𝜋𝜋𝛼𝛼2𝛽𝛽

3𝑞𝑞2 )

 |G|=0.123±0.003(stat)±0.003(syst)

𝛼𝛼 ≈ 1
137

is the fine structure constant, 𝛽𝛽 = 1 − 1
𝜏𝜏

is the velocity , 𝜏𝜏 = 𝑞𝑞2

4𝑚𝑚Λ
2
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Complete measurement of 𝚲𝚲 EMFFs @ 𝑠𝑠=2.396 GeV

An event of the reaction 𝑒𝑒+𝑒𝑒- → Λ(→ 𝑝𝑝𝜋𝜋-)Λ(→ 𝑝𝑝𝜋𝜋+) is specified by the five
dimensional vector 𝜉𝜉 = (𝜃𝜃, Ω1, Ω2), the differential cross section is:

 σ= 118.7±5.3(stat)±5.1(syst) pb
 |G|= 0.123±0.003(stat) ±0.003(syst)
 R=|GE/GM|=0.96±0.14(stat)
±0.02(syst)
 ∆Φ = 37o±12o(stat) ± 6o(syst)

Phys. Lett. B 772, 16 (2017)
Phys. Rev. Lett. 123, 122003 (2019)

Non-zero phase means: not only the s-wave but also the d-wave amplitude contribute to the production 
interference between s-d waves results in a polarized final state. 

The first complete hyperon EMFF measurement, and a milestone in the study of hyperon structure.
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study of baryon form factor at BESIII

Precision measurement of Cross 
Section Near Threshold  with 
𝒆𝒆+𝒆𝒆−→Λc

+Λc
-—
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Analysis strategy  (I)
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Data sets

10 modes branching fraction



Analysis Strategy (II)
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Background Analysis
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All cross feed rates are less than 2% and typically  are about 1%



Systematic uncertainty
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Systematic uncertainty
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Total Born Cross Section
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 Efficiencies are obtained by fitting the MBC of signal MC
 A similar fit as that performed on data



Angular distribution study
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Angular distribution study
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Analysis Results
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Born cross section of e+e- → Λ𝑐𝑐
+Λ𝑐𝑐

− are measured with high precision
_

Phys. Rev. Lett 120,132001(2018)



Summary & outlook

study of baryon form factor at BESIII

 BESIII is an excellent laboratory for the measurement of Farm factor since both
ISR and scan method can be performed with a big data sets

 The Born cross sections of e+e-→pp have been measured, consistent with BarBar
results ,and the corresponding effective FF |G| under the assumption 
|GE|=|GM| ,The precision has much improvement.

 Measurement of Neutron Electromagnetic Form factors has preliminary results ,
GE and GM have determined for the first time

 Complete Measurement of the Λ Electromagnetic Form Factors has been done. 
 Precision Measurement of the e+e- →𝚲𝚲𝒄𝒄

+ 𝚲𝚲𝒄𝒄
− Cross Section Near Threshold has 

been finished. 
 With more data sets in the future , more precise results are expected  at BESIII

—
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Thanks for your attention!

—



Energy scan method vs ISR method
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Time-like vs. space-like EMFFs

 Space-like region

 Time-like region

 A non-zero phase has polarization effects
on the final state, even if the initial state 
is unpolarized. 
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