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强相互作用

Lv(吕梦蛟) et.al 

一个α集团：强关联量子四体系统 (张量&短程关联)



12C中非局域化运动：Pauli Blocking

Zhou(周波) et.al 

多个α集团：轻核的非局域结构与运动



多个α集团：轻核的非局域结构与运动



Lei (雷松矩) et.al 

α集团+价核子：轻核的非局域结构与运动



黄色区域：alpha集团衰变(500+)

核介质中的量子四体问题

核素图上的α集团衰变



Xu and Ren, PRC 68 (2003) 034319, newly discovered 

alpha decay of 209Bi: long-lived alpha emitter



Ren et al., PRC 70 (2004) 034304, Density-Dependent 

Cluster Model (DDCM): new model 4He, 14C decay



Light island

Doubly magic: 100Sn

Superheavy island

Heavy nuclei

Doubly magic: 208Pb

104Te — 100Sn + α

212Po — 208Pb + α

302Lv — 298Fl + α

理想体系：核介质中的α集团形成与发射



104Te

100Sn附近轻岛： α集团衰变



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)





α集团衰变：双幻数核100Sn附近



The short half-life of 104Te: 

challenge for today’s detection 

techniques 

α集团衰变：双幻数核100Sn附近

2023



Spherical

Doubly magic

Only one decay channel

Accurate experimental data

……

Microscopic calculation of  

alpha cluster formation 

and decay in 212Po

α集团衰变：双幻数核208Pb附近



2n+2p+core: subdivide the W.F. into an intrinsic part and a 

c.o.m part 

Quartetting wave function approach 



α-cluster approaching the core

free
α-cluster 

α-cluster 
dissolves



Strong binding of α-cluster is 
gradually reduced  

Energy shift due to Pauli 
blocking after it feels the tail of 
the core density

Eventually α-cluster dissolves. Before 
that, remains a relatively compact 
entity with small extension even up to 
the critical density

Four nucleons go over into single 
particle states with pair correlations in 
the open shells on top of the core



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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The quartet wave function with the Jacobi-Moshinsky coordinates

Alpha cluster formation and decay
——Quartetting wave function approach

The c.o.m. wave function of quartet is obtained from the integral



Overlap of intrinsic W.F. and W.F. of a free alpha cluster 



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

The interaction of the quartet with core contains not only the 

direct NN interaction but also exchange term/Pauli-blocking 

(genuine non-local interactions)



Alpha cluster formation and decay
——Quartetting wave function approach

Inside the core the intrinsic W.F. describes 4 

independent nucleons in quasiparticle states, 

whereas it changes character if a bound state 

is formed on the surface region, and becomes 

alpha-like

Decay width self-consistently obtained by 

solving both the c.o.m. motion equation of 

the quartet and the scattering state of the 

formed alpha-cluster



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”。



Ideal alpha cluster emitter (doubly magic core + cluster)
Alpha decay to a deformed magic core?



Fusion reaction: nucleosynthesis in the early universe , energy 

production in stars, superheavy elements…

逆过程: α与原子核的熔合反应



Fusion cross section of alpha-particle-induced reactions

α
208Pb



rms radii

208Pb

16O

Fusion hindrance (极深垒下熔合阻碍现象)



实验家第一次发现极深垒下熔合阻碍现象

实验家进一步发现极深垒下熔合阻碍现象

2021实验家综述论文

2021年实验家总结过去20年的相关
研究。

极深垒下熔合阻碍现象：2002—2021



PREX: Thick 

skin in 208Pb: 

stiff symmetry 

energy and 

large L

CREX: Thin 

skin in 48Ca: 

soft symmetry 

energy and 

small L

208Pb

48Ca

热点问题之一: Alpha集团，中子皮和对称能





The HVH theorem



Using the Hugenholtz–Van Hove (HVH) theorem

Isoscalar and 

isovector 

potentials: 

U0 and Usym

Symmetry 

energy of any 

order: 

Esym

Left side

Right side



Analytical formula: symmetry energy and density slope

Lane

potential

isoscalar

isovector

许/李/陈, PRC 81, 044603 (2010); NPA 865, 1 (2011); PRC 90, 064310 (2014)

Derivative of momentum at normal density



Without α-clustering, the Rskin and RMS radii of neutrons and protons 

can be calculated from shell model density distributions

Considering α-clustering at nuclear surface, the RMS radii become

Density distribution of two nucleons forming the α-cluster

Cluster formation probability &
its spatial extension



Impact of alpha clustering on nuclear symmetry energy

Linear correlation between L and Rskin in present analysis



Impact of alpha clustering on nuclear symmetry energy

L values deduced from PREX-2 and CREX experiments are NOT 
consistent with each other, even with alpha clustering

75 MeV vs 16.5 MeV

PREX-2: unaffected         CREX: significant



Possible strategy for future studies:
1. A better account of model-dependence in extracting Rskin from parity-

violating asymmetry

2. State-of-art approaches for densities and improve the Gaussian ansatz

3. Exact solution of the four nucleon correlation near the critical density

Thanks!





The density dependence of nuclear symmetry energy 

—an important issue in both nuclear physics and astrophysics

Symmetry energy and its density slope

W. Steiner et.al Phys. Rep. 411, 325 (2005)
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symmetry energy

Energy per nucleon in symmetric nuclear matter

Energy per nucleon in asymmetric nuclear matter

Isospin asymmetry

Symmetry energy and its density slope

The symmetry energy can be characterized by the  

Esym(ρ0) and its slope parameter L(ρ0)

Derivative of density

Derivative of momentum at normal density



BUU: The Momentum dependent Interaction (MDI)

Decomposition of symmetry energy 

into kinetic, isoscalar and isovector terms

Isovector 

potential 

(uncertain)

soft

stiff

Kinetic energy 

and isoscalar 

potential

contributions 

(relatively well 

constrained)



(1) Single particle energy levels from pick-up and stripping reaction

(2) Neutron and proton scattering on the same target at about the same energy

(3) Proton scattering on isotopes of the same element

(4) (p,n) charge exchange reactions

Isovector potential from global optical model 

analysis of nuclear reactions

New experiment results: 208Pb (PREX-2) and 48Ca(CREX)

This isovector potential pushes more 

neutrons in finite nucleus from the 

inner region outwards to the surface 

region, and contribute to neutron skin 

thickness

In this sense, Usym, L, Rskin are 

related intrinsically



3D Approach: Quasi-stationary States of Deformed α-

Emitters (PRC 107 064301 (2023))

Numerical evaluation: extremely difficult



Alpha cluster formation and decay
——Quartetting wave function approach



Effective c.o.m potential and wave functions for ideal heavy 
alpha emitter 102Te，212Po and their neighbors



任中洲，徐躬耦，PRC 36 (1987) 456



任中洲，徐躬耦， PRC 38 (1988) 1078


