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➢It has long been known that hyperon nonleptonic decays have played an
important role in understanding CP violation in particle physics. The

observable of CP asymmetry is defined by 𝐴𝑌 =
𝛼𝑌+𝛼ഥ𝑌
𝛼𝑌−𝛼ഥ𝑌

. Under CP

transformation, 𝛼𝑌 = −𝛼 ത𝑌 if CP is conserved. This also means that we study
the problem of CP violation by measuring 𝛼𝑌 and 𝛼 ത𝑌. In the past few weeks, I
have measured the value of 𝛼Λ𝑐+ in the process of Λ𝑐

+ ⟶ 𝑝𝐾−𝜋+, which will

be the content of my report next .

Motivation



➢Boss Version:
• Analysis Environment: Boss 7.0.3;

➢Data Sets:
• 4600MeV   586.9pb-1

• Run No. 35227~36213

➢Inclusive MC:
• 703-MC  4600MeV  hadrons

➢Signal MC:
• 1M  Λ𝑐

+ ⟶ 𝑝𝐾−𝜋+ for signal analysis

• 1M  ഥΛ𝑐
− → ҧ𝑝𝐾+𝜋− for charge conjugation analysis

• (The MC events generator  is KKMC)

Data Set



➢Good charged Tracks
• 𝑉𝑧 < 10 , 𝑉𝑟 < 1 , cos 𝜃 < 0.93

• 𝑁𝑔ood = 3

➢Single tag:
• Λ𝑐

+ ⟶ 𝑝𝐾−𝜋+ , ഥΛ𝑐
− ⟶ 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔

• ഥΛ𝑐
− → ҧ𝑝𝐾+𝜋− , Λ𝑐

+ ⟶ 𝑎𝑛𝑦𝑡ℎ𝑖𝑛𝑔

➢PID
• Proton: 𝑃𝑟𝑜𝑏 𝑝 = max 𝑃𝑟𝑜𝑏 𝑝 , 𝑃𝑟𝑜𝑏 𝐾 , 𝑝𝑟𝑜𝑏 𝜋 ;

• Kaon: 𝑃𝑟𝑜𝑏 𝐾 = max 𝑃𝑟𝑜𝑏 𝑝 , 𝑃𝑟𝑜𝑏 𝐾 , 𝑝𝑟𝑜𝑏 𝜋 ;

• Pion: 𝑃𝑟𝑜𝑏(𝜋) = max 𝑃𝑟𝑜𝑏 𝑝 , 𝑃𝑟𝑜𝑏 𝐾 , 𝑝𝑟𝑜𝑏 𝜋 ;

Event Selection 



➢After these selection 𝑚𝐵𝐶 and Δ𝐸 spectrum as follow.

• We can see the obvious background events in above distributions.

• To select the Λ𝑐
+ candidate, we performed relatively loose selection criteria on the ΔE 

and 𝑚𝐵𝐶 .(quote from Panyue's memo)

➢ Apply the cut criteria
• 𝑚𝐵𝐶𝜖(2.25,2.30)𝐺𝑒𝑉

• Δ𝐸 < 0.1GeV



➢ 𝑚𝐵𝐶 distribution ➢Δ𝐸 distribution 

➢ After the previous selection , we get  𝑚𝐵𝐶 and Δ𝐸 distribution as 
above.
• As we can see that there is still a lot of background events in the distribution of 
𝑚𝐵𝐶 .

• In this case , we will give specific solution in the background research below.



Background analysis

➢With above selection criteria, the scatter plot of Δ𝐸 versus 𝑚𝐵𝐶 for the 
selected candidate are shown as follow.

➢The distribution of 𝑚𝐵𝐶 using cocktail MC samples as follow



➢Through the topology analysis, we can see primary background decay chains 
as follow. 



➢We can see that the number of events in each decay chain the difference is 
not obvious , so I fail to given a reasonable background description.

➢According to truth march method I get signal events and nonsignal events, 
and the 𝑚𝐵𝐶 distribution as follow.



➢From this picture we can see the clear signal and the background shape.
• The background shapes have no peaking in signal region.
• We can use the sideband region background to estimate the background of the signal 

region.



➢At this point, the signal shape is modeled by the corresponding signal MC 
simulation shape convoluted with a Gaussian function, the combinatorial 
background is modeled by an ARGUS function.

➢ The fitting shape of 𝑚𝐵𝐶 distribution is as follows.

• Where the black error bar representative data sample 

• The blue dashed represents the shape of the background



➢We subtracted the background by tightening the cut condition

➢Add the following cut conditions, respectively. The fitting shape of 𝑚𝐵𝐶
distribution is change to below.
• 4C kmfit

• Δ𝐸 < 0.02GeV



➢After all selection 

➢The number of events is shown in the table below.

➢The invariant mass distribution as follow.

Final selection



• Where the red error bar representative data sample ,  the black line representative 
inclusive MC sample.

➢The dalitz plot of data sample as follow

➢ And the beam-constrained mass mBC spectrum like this . 



➢Unbinned Likelihood Method

• 𝑝. 𝑑. 𝑓 𝜉, 𝜂 =
𝜔(𝜉,𝜂)

 𝑑𝜉𝜔(𝜉,𝜂)𝜀(𝜉)

• −𝑙𝑛ℒ = −σ𝑖=1
𝑁 𝑙𝑛

𝜔 𝜉𝑖,𝜂

𝜎

• We can minimize the Log equation −𝑙𝑛ℒ = −σ𝑖=1
𝑁 𝑙𝑛

𝜔 𝜉𝑖,𝜂

𝜎
and obtain the decay 

asymmetry parameter.

➢Three body decay amplitude formula 

• 𝑤 𝜉 = 4𝜋 1 + 𝜂𝑐𝑜𝑠2𝜃 + 𝛼𝐿𝑐 1 − 𝜂2sin Δ𝜙
1

2
𝑠𝑖𝑛 2𝜃 𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝛽

• Where 𝜂 is the angular distribution parameter of 𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

− , Δ𝜙 is the difference of 
phase angle for the helicity amplitude , 𝜃 is the polar angle of Λ𝑐

+ which generate in 
𝑒+𝑒− → Λ𝑐

+ഥΛ𝑐
− decay process.

➢ We can determine 𝛼 and 𝛽 value by obtaining the angular distribution 
information of the decay process.

Data analysis result



• Where the final state particle momentum direction in Λ𝑐
+ centre of mass system as 

follow

𝑎

• We provide  the direction of proton momentum is the 
direction of the X-axis

• Where the Euler angle 𝛼 and 𝛽 as follow 



➢The blue coordinate system corresponds to the center mass system for the 
𝑒+𝑒− → Λ𝑐

+ഥΛ𝑐
− process , and the red frame corresponds to the center mass 

system for Λ𝑐
+.

𝑏



➢MINUIT fit method
• Three-body decay

• 𝑤 𝜃 = 4𝜋 1 + 𝜂𝑐𝑜𝑠2𝜃 + 𝛼𝐿𝑐 1 − 𝜂2sin Δ𝜙
1

2
𝑠𝑖𝑛 2𝜃 𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝛽

• We use the maximum likelihood method to fit the values of 𝛼𝐿𝑐 and 𝜂 .
• Meanwhile , because I can't get all three parameters at the same time so I define the 

alphaLc=𝛼𝐿𝑐 sin Δ𝜙 .

➢Likelihood estimation
• The joint probability density for the observed N event in a data sample is defined as 
ℒ = ς𝑖=1

𝑁 𝑃 𝑥𝑖 ,
• The normalized 𝑃 𝑥𝑖 is calculated from the differential cross section 

• 𝑃 𝑥𝑖 =
𝑑𝜎/𝑑𝜙 𝑖

𝜎𝑀𝐶
,

• Where 𝑑𝜙 is the standard 3-body phase space ; the normalization factor 𝜎𝑀𝐶 is
calculated from a MC sample with 𝑁𝑀𝐶 accepted events , which are generated with a
phase space model. The response of the detector to the final-state particles is simulated
using GEANT4 . The 𝑒+𝑒− annihilation and the subsequent decay of Λ𝑐

+ഥΛ𝑐
− are simulated

by the KKMC generator, taking into consideration the spread of the beam energy and
the effect of initial-state radiation (ISR).



• PHSP (phase Space ) signal MC , while works as efficiency MC sample and is used to 
perform the maximum likelihood fit to the data , the fit result as follow

➢Here we cite wangbinlong's measurement results of the  Δ𝜙 , that is Δ𝜙 =
− 0.28 ± 0.14
• So we can get specific asymmetry parameter results in Λ𝑐

+ ⟶ 𝑝𝐾−𝜋+ process by using 
the maximum likelihood fit method and the mathematica calculate method . 



• So this is what we get for asymmetry parameter center value results by mathematica
calculate method .

• The uncertainty is calculated from Error transfer method .

• Asymmetry parameter results determined by computing the decay parameter to be        
-0.0915487± 0.303383

➢ Next we show the output check through the following three angular 
distribution information.



➢The red error bars are data, black lines are the fit shape . 

➢The same way to do ഥΛ𝑐
− ⟶ ҧ𝑝𝐾+𝜋− we get the following result . 

• The fit result as follow



• The mathematica calculate asymmetry parameter center value  result 

• The uncertainty is calculated from Error transfer

• So the result is 0.133162 ± 0.303625 . 



➢We use the massH2 method to regenerate the toy MC sample of  . 
• The data sample  dalitz plot is used as follows:

➢The 𝑒+𝑒− annihilation is simulated by the KKMC generator, taking into
consideration the spread of the beam energy and the effect of initial-
state radiation (ISR). The subsequent decay of Λ𝑐

+ഥΛ𝑐
− are generated using

massH2 model .

Toy MC test



➢Use the same method to get the value of asymmetry parameter in Λ𝑐
+ ⟶

𝑝𝐾−𝜋+ process ,the fit result as follow

➢And the Mathematica result is -0.0327± 0.2999 .

➢ By the same method we can get the value of asymmetry parameter in the 
process ഥΛ𝑐

− ⟶ ҧ𝑝𝐾+𝜋− of and we won't go into the details of the operation.



➢We know that when CP conserves the asymmetry parameter of Λ𝑐
+ ⟶

𝑝𝐾−𝜋+ process and its asymmetry parameter in charge conjugated
engineering are the inverse of each other.

➢ Through our previous measurement and calculation, the asymmetry
parameter value in different processes can be obtained as shown in the
following table

• It can be seen from the above table that there is CP violation in the process of Λ𝑐 decay 
to 𝑝𝑟𝑜𝑡𝑜𝑛 , 𝑘𝑎𝑜𝑛 𝑎𝑛𝑑 𝑝𝑖𝑜𝑛, and the determination of CP violation parameters will 
become the direction of our next work .

➢Finish my master's thesis.

Summary and outlook

𝜶

Λ𝑐
+ ⟶ 𝑝𝐾−𝜋+ -0.0327± 0.2999 

ഥΛ𝑐
− ⟶ ҧ𝑝𝐾+𝜋− 0.1555 ± 0.3008

Thank you ! 


