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BEPCII and BESIII
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Fig. 1: Structure of BESIII detector

• BEPCII is a 𝑒"𝑒# collider for the studies of light and charm quarks physics and 𝜏-charm physics, 
which designed peak luminosity is 10--cm#0s#2 at about 3.7 GeV.

• The BESIII detector with a  geometrical  
acceptance of 93% of 4𝜋, consists of:
main drift chamber(MDC), 
electromagnetic calorimeter(EMC), 
Time-Of-Flight system(TOF),              
and muon chamber system(MUC)



ΛΛ) pair produced
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Fig. 2: Illustration of the 𝒆"𝒆# → 𝑱/𝝍 → 𝚲𝜦) process. 
In the CMS, Λ particle is emitted in the �̂� direction at an angle 𝜃? between the 𝑒#
beam direction. The hyperons are polarized in the direction perpendicular to the
production plane (𝑦A).



Polarization

• For a spin �̂� particle, the component of polarization is 𝑝D =< 𝑠DG >

• The decay of Λ, the amplitude and angular distribution are:     
• 𝑀 0~1 + 𝛼#�̂�? 	 ⋅ 𝑛P
• QR
QS
~1 + 𝛼#𝑃? 	 ⋅ 𝑛P

• < 𝑛PD 𝑛P
U >	= 𝛿DU

• So the 𝑛PW, 𝑛P
Y, 𝑛PZ are the observables of 𝑃?W, 𝑃?

Y, 𝑃?Z
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Polarized Λ produced in 𝑒"𝑒# annihilation

• Joint amplitude:
𝑀 =

𝑖𝑒0

𝑞0
𝑗 �̀� 𝑝2 𝐹2𝛾 +

𝐹0
2𝑚

𝑝e𝜎e^𝛾g 𝑣(𝑝0)

• Differential cross section:
𝑑𝜎~1 + 𝛼l cos0 𝜃? + 𝛼l + 	cos0 𝜃? 𝑠?Z𝑠?)

Z 			+

sin0 𝜃?𝑠?W𝑠?)
W −𝛼l sin0 𝜃?𝑠?

Y𝑠?)
Y + 1 − 𝛼l0

� cosΔΦsin𝜃?cos𝜃?t𝑠?W𝑠?)
Z +

𝑠?Z𝑠?)
Wu + 1 − 𝛼l0

� sinΔΦsin𝜃?cos𝜃? 𝑠?
Y + 𝑠?)

Y

• Only < 𝑠Y > could be non-zero, if sinΔΦ ≠ 0
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The differential-cross-section distribution:

Joint angular distribution

𝜉 = (𝑛A2, 𝑛A0)																																					𝛼#	 = 𝛼 Λ → 𝑝𝜋# 																																	𝛼" = 𝛼 Λ) → �̅�𝜋"

Physics Letters B 772(2017) 16–20
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For Λ → 𝑝𝜋#, Λ) → �̀�𝜋y:     𝛼" → �̀�y(Λ) → �̀�𝜋y)



Polarization and CP violation

• Polarization:                   𝑃Y 𝑐𝑜𝑠𝜃? =
2#|}

~� ���������������

2"|} ���~ ��

• CP violation:                  𝐴�� =
|�"|�
|�#|�
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Event selection

For Λ → 𝑝𝜋#, Λ) → �̅�𝜋": 
• Using four charged track to reconstruct ΛΛ)
• Applying a four-constraint kinematic fit on 
ΛΛ) hypothesis

For Λ → 𝑝𝜋#, Λ) → �̀�𝜋y:
• Λ) is reconstructed by �̀�𝜋y
• A one-constraint kinematic fit is performed 

because the momentum of �̀� is unmeasured.
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Fig. 3: An example 𝑱/𝝍 →
𝜦 → 𝒑𝝅# 𝜦) → 𝒑)𝝅" event in 

the BESIII detector. 



Data analysis method

Maximum likelihood fit:

• Likelihood function: 

• Normalization factor:

• Minimum function: 
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Analysis results

• A clear polarization:

• CP violation:
𝐴�� = −0.006 ± 0.012 ± 0.007
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ΔΦ = 42.4 ± 0.6 ± 0.5 °

Fig. 4: The polarization signal for 
Λ(Λ	)	𝐢𝐧	𝒆"𝒆# 	→ 	𝐽 ∕ 𝜓	 → 	ΛΛ)	



Analysis results
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The measurement of helicity 
phase ΔΦ is firstly.

The value of 𝛼# is 17 ± 3%
higher than the current 
world average.



Supplementary



Background analysis
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Fig (supplementary) 1: Identification of  𝐽/𝜓 → ΛΛ), Λ → 𝑝𝜋#, Λ) → �̅�𝜋"



Background analysis
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Fig (supplementary) 2: Identification of  𝐽/𝜓 → ΛΛ), Λ → 𝑝𝜋#, Λ) → �̀�𝜋y



Systematic uncertainties
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Table (supplementary) 1: 
Relative systematic uncertainties 
(in %) for the measurements of 
parameters 𝛼l, 𝛼#, 𝛼", 𝛼y, and 
∆Φ.


