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Alpha cluster motion and decay



Alpha cluster decay in chart of nuclides

Light island

Doubly magic: 100Sn

Superheavy island

Doubly magic: 298Fl

Heavy nuclei

Doubly magic: 208Pb

Yellow color: alpha decay



最新元素周期表



2012年

美国劳伦斯利弗
莫尔国家实验室





2016年四个新元素正式命名





《科学》杂志为纪念创刊125周年, 提出了
125个最重要的科学问题，中包含天文学，物
理学、生命科学等领域。

是否存在稳定的高原子序数元素？

实验：中科院近代物理所—大装置

理论：原子核结团衰变—新理论

Superheavy elements and nuclides



Alpha cluster formation in 104Te

104Te



N=Z line



University of Tennessee





The Fastest Alpha Emitter

“Tellurium-104 is now also the 

fastest known alpha emitter—

though this finding is more fun 

than fundamental. ”



2018: 104Te  <18ns (experiment)





New data on alpha decay of 104Te





Alpha cluster formation and decay in 212Po

Spherical

Doubly magic

Only one decay channel

Accurate experimental data

……

Microscopic calculation of  

alpha cluster formation 

and decay in 212Po



1. Quantum 5-body problem (2p+2n+core)

Alpha cluster formation and decay
——Quartetting wave function approach

2. Subdivide the W.F into an intrinsic part and a c.o.m part 



3. Intrinsic bound-state W. F. transforms at critical density into 

an unbound 4 nucleon shell-model state

Alpha cluster formation and decay
——Quartetting wave function approach
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Alpha cluster formation and decay
——Quartetting wave function approach



4. First-principle approach to nuclear many-body system:   

several approximations performed to make the approach 

practicable

Alpha cluster formation and decay
——Quartetting wave function approach

5. Alpha cluster preformation, pre-factor and penetration 

probability simultaneously calculated



Alpha decay in 104Te, 210Pb, 210Po, and 212Po 





编辑评价：“该微观计算

为这一长期难点问题提供

了解决办法”。



Alpha cluster formation and decay in superheavy nuclei



Decay and Fusion: two sides of the same coin

Fusion reaction: nucleosynthesis in the early universe , energy 

production in stars, superheavy elements…



Fusion deep sub-barrier hindrance 

phenomenon:

Unexpected falloff feature in 

experimental fusion cross sections

Hard to explain by the standard 

coupled channels model



Signature of a “pocket” potential



Large difference in diffuseness 

parameter of the WS potential 

extracted from scattering and from 

fusion analyses

A large surface diffuseness: reflects 

the true nature of the potential or 

simply mocks up other effects?

Neither the deep or shallow double-

folding potential nor the geometrical 

corrections to the coupling potential 

seem to resolve this problem



Fusion cross section of alpha-particle-induced reactions

α
208Pb



N-alpha-particle-induced fusion reactions



A hybrid approach between sudden model and adiabatic one

rms radii

208Pb

16O





Short summary

Microscopic understanding of large amplitude motions 
of quantum many-body systems with strong interaction

Alpha decay: an important problem with renewed 
interest

➢ Light island (doubly magic 100Sn)

➢ doubly magic 208Pb 

➢ Superheavy island (next doubly magic nucleus)

Fusion reactions and hindrance phenomenon: strong 
interplay between reaction and structure
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