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Outline 
ÅIntroduction 

 

ÅNucleon clustering in light and medium nuclei 

 

ÅDensity-dependent cluster model (DDCM) and 
generalized DDCM for alpha-decay half-lives 
 

ÅMulti-channel cluster model (MCCM) :  solve 
coupled-channel Schrödinger --equations of  
quasi-bound states  for   

    alpha-decay half-lives and branching ratios 

 

ÅSummary 



Ҭ (Kavli) 
Program: Clustering Aspects in Nuclei  

 

ÅDate : from 2013 -04 -01 to 2013 -04 -26  
 

ÅLocal coordinators : Zhongzhou Ren (Chair, 
Nanjing University) , Chang Xu (Nanjing 
University ), Furong  Xu (Peking University), 
Zaiguo  Gan (Institute of Modern Physics),  

    Shan -Gui Zhou (KITPC/ITP -CAS) 
 

Å International coordinators : Zhongzhou Ren 
(Chair, Nanjing University), Yanlin  Ye (Peking 
University), W. Mittig  (Michigan State University), 
P. Van Isacker  (GANIL), G. Audi ( Universit é de 
Paris Sud)  

2013.4̆Zhongzhou REN (ᴋҬ )  et al 

organize workshop in KAVLI in Beijing on 

cluster physics 
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Researches on 20Ne   Phys. Rev. C 86 (2012) 014301 



5 

PRL 110, 262501 (2013): nolocalized cluster 
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    good description 
both on positive 
and negative bands 

PRL 110, 262501 (2013) 
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YL Yeôs group    clustering in   12Be 

̂experiment at Lanzhou, Chinã 
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YL Yeôs group: citation on our article 



Our 20Ne article 
is cited  [ 39] . 

YG Mańs group: research on 12C ad 16O 



Cited by review article 



20Ne artcle is cited 



Research from Prof.Iachello  and collaborators  
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Extend THSR wave 
function  
 

[ 31]RoepkeЇ
Schuckň, 
PRC90,034304(2014)  
[ 34]ZhouЇFunakiЇ
Horiuchi ЇRenň, 
PRL110,262501(2013) 



2016.3-4, KITPC, by  Zhongzhou Ren é 
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We develop  cluster model (THSR) from N=Z=Even 

nuclei (previous researches) to N=Z+1 nuclei  (9Beé, 

Lyu, Ren,..Horiuchi,éPRC 2015).   Schematic Fig.: 
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The effective nucleon-nucleon interaction of 
9Be : the Volkov potential + spin-orbit potential  
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Low energy states  of 9Be in cluster model (THSR),  

PRC 2015 , Lyu, Ren, é, Horiuchi,é 



Lyu, Ren,é PRC2015: 9Be(Ŭ+Ŭ+n) 

coupling of single-particle and cluster motions 
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We develop  cluster model (THSR) from 

N=Z=Even nuclei (previous researches) to 

N=Z+2  or  N=Z=odd nuclei  (10Be,  10Bé, Lyu, 

Ren, Horiuchi,éZhaoé, PRC2016, PRC2018).    

Schematic Fig.:  Cluster structure of 10Be 
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10Be: compare exp. data with cal. ones 

20 



Freer cited our work in 

RMP̔ 10Be article 
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Both 9Be and 10Be cited 



9B̆develop cluster model by including 

coupling between proton and clusters 

22 



23 

9B:  comparison between calculated and 

experimental levels 



Extended cluster model to study A=10 nuclei  

                         (PRC 100, 014306(2019))  
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alpha transfer reaction of light nuclei̔PLB2019  
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Now move to alpha decay of nuclei:  

importance of alpha decay  

 

ÅOrigin of nuclear physics 1896: Becquerel 

 

ÅIdentify new elements (Po and Ra) by stronger 
radioactivity: Curies.  Z=105-118é 
 
ÅIdentify the core of atom (nucleus): Rutherford 

 
ÅValidity of quantum mechanics for nuclear 

Physics: Gamow in 1928 
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There are more than 400 nuclei that exhibit the 

alpha-decay phenomenon (yellow one). 



known  

CN 277112 

273110 

269Hs 

265Sg 

261Rf 

257No 

11.45 MeV 

280 ms 

11.08 MeV 

110 m s 

9.23 MeV 

19.7 s 

4.60 MeV (escape) 

7.4 s 

8.52 MeV 

4.7 s 

253Fm 

8.34 MeV 

15.0 s 
Date:  09-Feb-1996 

Time: 22:37 h 

277112 

70Zn  208 Pb 277 112  

n 

kinematic separation  
in flight  

identification  
by a-a correlations  
to known  nuclides  

Synthesis of Z=112 SHE at SHIP 
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Z=113,115,117,118  

identified by alpha decay 

 

ÅZ=113:  Nihonium, Nh.   (produced in RIKEN). 

 

ÅZ=115: Moscovium, Mc. (produced in Dubna). 

 

ÅZ=117: Tennessine, Ts. (produced in Dubna). 

 

ÅZ=118: Oganesson; Og. (produced in Dubna). 

 



 

I and my teacher̆PRC 36 (1987) 

456. heavy nuclei :alpha transfer 

 
 



ZZ Ren̆GO XŭPRC 36 (1987) 456 

ÅReduced 

alpha 

transfer rates 



ZZ Ren̆GO Xu ̆ PRC 38 (1988) 1078 

 



Our: alpha decay of 104Te (100Sn+é); Exp. 



Nuclei around A=208: 212Po (208Pb+4He) 







ὡ  

Predictions of SHF and RMF 

compare well with MM results 

[12,13] 

Oganessian et al, PRC72, 034611 (2005) 



ὡ  

SHF [12 49-51] and RMF 

[13 52-57]  compare well 

with the experimental 

results 

Oganessian et al,  PRC72  

2005 



15.  Ren, Z.  Shape coexistence in even-even 

superheavy nuclei. Phys. Rev. C65, 051304 

(2002) 

   Cited:  shape coexistence, Ref.  [15] 

Nature, 433 (2005) 705 



New isotope in China: 265Bh (Z=107) 

Data of 265Bh agree with Ren et al  [12,13] 

41 


