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Motivation
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• Hypernuclei are nuclei composed of at least one hyperon

• Natural laboratory to study hyperon-nucleon(Y-N) interaction

• Binding energy, lifetime, …

• Mirror (hyper-)nuclei and charge symmetry breaking

• Prediction on binding energy difference:    ΔBΛ
4 1exc

+ ≈ −ΔBΛ
4 0g.s.

+

• Consider Λ − Σ0 mixing

• Hypernuclei have high production rate in heavy-ion collisions
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Methods

• Reconstruction via weak decay
• Decay channel:

• PID with TPC and TOF
• 𝟒𝑯𝒆, 𝟑𝑯𝒆, 𝒑 and 𝝅− are selected with

a) dE/dx within 3 standard deviation

b) If TOF matched, 
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𝚲
𝟒𝑯 → 𝟒𝑯𝒆 + 𝝅−

𝚲
𝟒𝑯𝒆 → 𝟑𝑯𝒆 + 𝚲

𝒑 + 𝝅−

𝟑𝑯𝒆: 𝑚2/𝑞2 = 1.4 ~ 2.5 GeV/c2 2

𝟒𝑯𝒆: 𝑚2/𝑞2 = 2.5 ~ 4.5 𝐺𝑒𝑉/𝑐2 2

𝑛𝜎𝑥 < 3, 𝑥 = 𝟒𝑯𝒆, 𝟑𝑯𝒆, 𝒑, 𝝅−



Methods

• Reconstruction via weak decay
• Energy loss correction

• Particles lose energy while traversing the detector material,

• The real momentum 𝒑𝒓𝒆𝒂𝒍 ≠ TPC raw momentum 𝒑𝒓𝒂𝒘

• 𝒑𝒎𝒆𝒂: correct 𝒑𝒓𝒂𝒘 by assuming it’s a pion track (track reconstruction algorithm)
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Recalibrations on 𝟒𝑯𝒆, 𝟑𝑯𝒆, 𝒑 momenta with MC 

𝒑𝒓𝒆𝒄 − 𝒑𝒎𝒆𝒂 = 𝜹𝟎 + 𝜹 𝟏 +
𝒎𝟐

𝒑𝒎𝒆𝒂
𝟐

𝜶

𝜹𝟎, 𝜹, 𝜶 are parameters



Methods

• Reconstruction via weak decay
• Magnetic distortion correction

• The magnetic field B is designed to be 5 T

• Limited readout accuracy B < 5 T

• Overall correction on track momentum 𝒑𝒓𝒆𝒄 × 𝟎. 𝟗𝟗𝟖

• The scaling factor is calibrated with 𝚲 mass (𝚲 → 𝒑 + 𝝅−)
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𝚲 mass with energy loss correction and momentum scaling:
1115.710 ± 0.004 MeV/c2

PDG value:
1115.683 ± 0.006 MeV/c2

Consistent within uncertainties
The difference 0.03 MeV/c2 is considered as systematic uncertainty



Methods

• Reconstruction via weak decay
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4

𝟑𝑯𝒆

• A series of topological variables on the decay kinematics
• Decay length
• DCA(Distance of the Closest Approach)

• KFParticle package for reconstruction
• Kalman filter algorithm
• The topological variables will be assigned an error



Methods

• Reconstruction via weak decay
• Optimization with TMVA-BDT
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Methods

• Reconstruction via weak decay
• Invariant mass distribution

• Background reconstructed by rotating 𝟒𝐇𝐞, 𝟑𝐇𝐞 momenta with 180 degrees 
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M(𝚲
𝟒𝐇) = 3922.38 ± 0.06(stat.) MeV/c2 M(𝚲

𝟒𝐇𝐞) = 3921.69 ± 0.13(stat.) MeV/c2

Fit function:



Methods

• Systematic uncertainties
• Sources:

• Energy loss correction:

• Vary the fit parameters of the correction function with ± 1𝜎

• Magnetic distortion correction:

• The difference between reconstructed 𝚲mass and PDG value

• Kinematic cuts on the reconstruction 

• Vary the BDT responses
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M(𝚲
𝟒𝐇) = 3922.38 ± 0.06(stat.) ± 0.14(syst.) MeV/c2 M(𝚲

𝟒𝐇𝐞) = 3921.69 ± 0.13(stat.) ± 0.12(syst.) MeV/c2



Results and Discussion
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• Binding energy 
• BΛ = Mhypernuclei − Mcore − MΛ

• BΛ( 𝚲
𝟒𝐇(0+)) = 2.22 ± 0.06(stat.) ± 0.14(syst.) MeV 

BΛ( 𝚲
𝟒𝐇𝐞(0+)) = 2.38 ± 0.13(stat.) ± 0.12(syst.) MeV

• Also can calculate BΛ of excited states(1+), by including the γ-ray transition energy from other 
measurements Phys. Rev. Lett. 115, 222501 (2015)

Phys. Lett. B 62, 467 (1976)



Results and Discussion
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• Binding energy difference between the mirror A=4 hypernuclei

• Consistent with Charge Symmetry Breaking effect, but the result is not significant
• Need further study

• More data being produced(~10 times statistics)
• More efforts on γ-ray transition energy measurement



Thank you

Dongsheng Li    June 2023 13



Backup

Dongsheng Li    June 2023 14


