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INTRODUCTION 

Nucleus 

many-body system of protons and neutrons 

 

Hypernucleus 

Hyperon  in a nucleus 

 

a new degree-of-freedom, “strangeness”. 
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MOTIVATION 
• Properties of hypernucleus are of considerable 

interest among the intermediate  energy 
regime as it stands at the intersection of 
nuclear and particle physics. 

• The enhanced experimental efforts have thus 
created renewed interest in the theoretical 
computations of the various properties of 
hypernuclei. [1, 2]. 

[1] E. Hiyama and T. Yamada, Progress in Part. and Nuc. Phy. 63, 339-395 (2009). 
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BE OF HYPERNUCLEI 

• To calculate the binding energy of hypernuclei, 
we have solved Schrodinger equation 
numerically. 

 
−

ℏ2

2 𝜇
 𝛻2 + 𝑉 𝑟 𝜓 𝑟 = 𝜖 𝜓(𝑟)  

𝜇 =
𝑚𝑐𝑜𝑟𝑒   𝑚Λ

𝑚𝑐𝑜𝑟𝑒 +𝑚Λ
 



VARIOUS POTENTIAL FOR Λ-N INTERACTION 

1.   The Maeda–Schmid s-wave potential (MS)   (sum of two Woods–Saxon functions) 

     𝑉𝑁 Λ 𝑟 =
𝑉𝑟𝑒𝑝

1+𝑒𝑥𝑝 𝑟−𝑅𝑟𝑒𝑝 /𝑎𝑟𝑒𝑝
 − 
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2. The Isle potential (sum of two Gaussians) 
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4. Woods-saxon Potential V 𝑟 = −
𝑉0

1+𝑒𝑥𝑝 𝑟−𝑅𝑐𝑒𝑛 /𝑎𝑐𝑒𝑛
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THE  PHENOMENOLOGICAL POTENTIAL 
 

 
r0 =1.2 fm; aso = acen= 0.215 fm 
 
U1 = - 0.075 MeV; Uso = 3.75 MeV 

𝑉𝑠𝑜 𝑟 = −
2 𝑈𝑠𝑜

𝑟 𝑎𝑠𝑜
𝑗 𝑗 + 1 − 𝑙 𝑙 + 1 − 𝑠 𝑠 + 1  * 

𝐸𝑥𝑝[
𝑟−𝑅𝑠𝑜
𝑎𝑠𝑜

]
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C. H. Cai et al. Europhys. Lett., 64 (4), pp. 448–453 (2003) 

𝑉𝑐𝑒𝑛 r − 𝑅𝑐𝑒𝑛 =
− 𝑉0

1 + 𝑒
𝑟−𝑅𝑐𝑒𝑛
𝑎𝑐𝑒𝑛

 

𝑅𝑐𝑒𝑛/𝑠𝑜 = 𝑟0 𝐴
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Nature of Woods-Saxon Potential Variation of Potential depth Vs. A 
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6) C. H. Cai, L. Li, Y. H. Tan and P. Z. Ning,  Europhys. Lett., 64 (4): 448-453 (2003). 
7) C G Koutroulos, J. Phys. G. Nucl. Part. Phys. 17: 1069-1076, (1991). 



ALPHA DECAY OF HYPERNUCLEI 

we extend our understanding of the  decay theory 
of the normal α -emitter nuclei to study the  decay 
properties of heavy hypernuclei such as  

 

1. Q-value for the decay,  

2. Tunnelling probabilities,  

3. Half life time and  

4. Decay constant of heavy Λ-hypernuclei 



Alpha (hyper-alpha) decay of a hypernucleus can 
be expressed as 
 

𝐴𝑌, 𝑍𝑌 → 𝐻𝑒2
4 + 𝐴𝑌 − 4, 𝑍𝑌 − 2  

 
𝐴𝑌, 𝑍𝑌 → 𝐻𝑒𝑌

4 + 𝐴𝑌 − 4, 𝑍𝑌 − 2  
 
From the Q value it is found that spontaneous 
decay of hyper- α from the hypernuclei are not 
energetically possible. 
 
 

ALPHA DECAY OF HYPERNUCLEI 



 Q-VALUE FOR THE α DECAY 

The first term corresponding to the binding 
energy of core nucleus (excluding hyperon) and 
the second term indicates separation energy of 
hyperon in the hypernucleus. 

BE 𝑋𝑍𝑌

𝐴𝑌  = BE 𝑋𝑍
𝐴  + 𝑆𝑌 𝑋𝑍𝑌

𝐴𝑌  

To calculate the Q-value for α decay of heavy 
hypernuclei we should know the value of BE and SE of 
hypernuclei.  



SE OF HPERNUCLEI 

• using the experimentally known Λ-separation 
energies of various hypernuclei we have 
obtained an empirically fitted formula for the 
lambda separation energy for A ≥ 56. 

𝑆Λ = 19.27 𝑒0.0015 𝐴  



TUNNELLING PROBABILITY 

• 𝑍𝑑 - atomic number of (hyper) nucleus. 

• 𝑚𝑑 - mass of the daughter (hyper) nucleus. 

• 𝑚𝛼 - mass of the 𝛼 particle. 

• 𝐸𝛼 - KE of the 𝛼 particle. 

 

𝑇 = 𝐸𝑥𝑝 −
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4 𝜋 𝜖 𝑟
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𝑚𝑑 𝑄

𝑚𝛼+𝑚𝑑
 



HALF LIFE TIME 

• 𝜈 - Frequency of 𝛼-collision at the hypernuclear 
surface. 

• 𝑇 - tunnelling probability. 

• 𝑃0 - is the 𝛼 cluster preformation probability. 

 

𝑇1/2 = 
ln 2

𝜈 𝑇 𝑃0
 



RESULT 



RESULT   



SUMMARY 

We find that the hypernuclei are stable against the hyper-alpha decay 
because the Λ-binding energy of hyper-alpha is much smaller than 
those with heavy hypernuclei, that reduces the formation of hyper-
alpha cluster within the heavy hypernuclei. 

 

 

It is found that the presence of a hyperon, Λ inside the normal 𝛼 -
emitter could change their life times considerably. 

 

 

For instance, the half life times of 𝑇ℎΛ
232 , 𝑈Λ

234  and 𝑈Λ
238 are found to 

be  2, 4 and 60 times larger than their normal counterpart of 𝑇ℎ232 , 
𝑈234 and 𝑈238  respectively. 



 WORK PLAN 

We found that the heavy hypernucleus are stable against the α 

cluster decay. In future we will plan to study the decay of heavy 
cluster like 𝐶𝑌

12 , 𝑂𝑌
16 , 𝑆𝑖𝑌

28  etc,. from heavy hypernucleus. 

 

We will try to study the fusion of light hypernuclei and  will study  
the change in Coulomb energy. 




