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Top 125 science questions 
Science  1 July 2005  



IUPAC	2016-06-08	
	h#p://iupac.org/iupac-is-naming-the-four-new-elements-nihonium-moscovium
-tennessine-and-oganesson/ 

A five-month public review is now set, expiring 8 November 2016,  
prior to the formal approval by the IUPAC Council.  

IUPAC	is	naming	the	four	new	elements	nihonium,	moscovium,	tennessine,	and
	oganesson		
The	7th	period	of	the	periodic	table	of	elements	is	complete. 



48Ca+249Cf (51%) +250Cf (13%)+251Cf (36%) 
        →294,295,296Og+ xn 

295，296Og 





The Discovery of Isotopes: A Complete Compilation  
Michael Thoennessen, Springer, 2016 

1 3  

Up to the end of 2017，3252 nuclides have been found。Natural nuclides:
 288（Stable: 254, unstable: 34），the others are man made radioactive isotopes。 



New neutron-rich isotopes of the elements between 60≤Z≤69 are produced dominantly by fission, while
 fragmentation plays a dominant role in the production of the isotopes of the elements above Z = 72.  

J. Kurcewicz et al. PLB 717 (2012) 371–375 
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New isotopes produced in 238U+9Be at 1GeV/A 

for neutron-rich nuclei:  
σTransfer ≥ σFragmentation  

S. Heinz, O. Beliuskina, Jour. Conf. Ser. 515,
 012007 (2014) 

238U+9Be at 1GeV/A 

136Xe+198Pt  at 7.98  MeV/A 

Y. X. Watanabe, et al., Phys. Rev. Lett. 115, 
172503(2015) 



  superheavy and n-rich nuclei -
 transuranium 



（DNS model） 
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Capture process DNS 
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Quasi 

fission 

Full fusion 

Evaporate 

nutreons 

Fusion-Evaporation Reaction 

Adamian, Antonenko, Scheid, and Volkov, NPA 627(1997)361, 
                                                                         NPA 633(1998)409 



A simple test 

W. Reisdorf, Z. Phys. A 300, 227 (1981) 



Comparison of the calculated ER cross sections with 
the experimental data for Z=113-118 



The maximal production cross sections 
for Z=119: 

The maximal production cross sections 
for Z=120: 

pb 

Production cross sections of Z=119 and 120 

L Zhu, WJ Xie, FS Zhang, Physics Review C 89 (2014) 024615 





  superheavy and n-rich nuclei -
 transuranium 



More references (before) 
1.Kratz, Norris and Seaborg, Mass-yield distribution in the reaction of   
   84Kr(605MeV) +238U, PRL33(1974)502, 156 nuclides 
 
2. Otto, Fowlwe, Lee, and Seaborg, Mass yield distribution in the  
    reaction of 136Xe(1150) +238U, PRL36(1976)135, 131 nuclides 
 

3. Schadel, Kratz, Ahrens, Bruchle, Franz, Gaggeler, Warnecke, and 
    Wirth, Isotop distributions in the reactoin of 238U(1785)+238U, 
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4.Kratz, Bruchle, Folger, Gaggeler, Schadel, Summerer, and Wirth, 
   Search for superheavy elements in damped collisions  
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5. Shen, Albinski, Gobbi, Gralla, Hildenbrand, and Herrmann, Fission
 and quasifission in U-induced reaction, PRC36(1987)115, mass drift 
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1.Souliotis, Veselsky, Galanopoulos et al., Approaching neutron-rich nuclei     
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    MeV/nucleon, PRC84 (2011)064607, 86Kr(15 MeV/u) +58,64Ni, 112,124Sn  
 
2.Kratz, Loveland, and Moody, Syntheses of trans-U isotops with Z=<103   
    in multi-nucleon transfer reactions, NPA2015 
 
3.Watanabe et al, Pathways for the production of n-rich isotopes around   
    N=126 shell closure,  136Xe(8MeV/u) +198Pt, PRL15(2015)172503 
 
4.Vogt et al, Light and heavy transfer products in 136Xe+238U    
   multinucleon transfer reactions, PRC92(2015)024619, PRISMA+AGATA 
 
5. Barrett, Loveland, et al, The 136Xe(Ecm=450MeV) + 208Pb reaction: A  
    test of models of multi-nucleon transfer reactions, PRC91(2015)064615,   
    200 P+ T-like fragments 
……………………….. 
 
 
 

 



Recent Exp by W. Loveland 





L. Zhu et al. JPG 42 (2015)085102 



For target-like(Z=96) fragments,  
Transfer 3, 4, and 5 protons 

Exp. Data:  
Schadel et al., PRL48 (1982)852 

For target-like(Z=82) fragments, 
Transfer 2, 4, and 6 protons 

Exp. Data:  
Kozulin et al., PRC86 (2012)044611 

136
54Xe + 208

82Pb, 514 MeV 238
92U + 248

96Cm, 800 MeV 



176
70Yb ＋238

92U 

Transfer 
7 protons, Eu 
5 protons, Tb 
3 protons, Ho 
0 protons, Yb 
 
For un know n-rich nuclei 
A

63Eu, A=165~168 
 
165

63Eu, N=102, ~     µb 
166

63Eu, N=103, ~0.5 µb 
167

63Eu, N=104, ~10  pb 
168

63Eu, N=105, ~      pb 

For projectile like 70+zYb106+N 
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 2.1 The Improved Quantum Molecular Dynamics 
Model and MNT 



136Xe+208Pb 



Density distribution of  136Xe+208Pb at 
Ec.m.=450 MeV 

Li, Zhang, Li, Zhu, Tian, Wang, and Zhang, PRC 93, 014618 (2016) 



Energy dissipation between the projectile and target 

 136Xe+198Pt, E=7.98 MeV/A 



For different impact parameters 

Comparison with exp. data 

Li, Zhang, Li, Zhu, Tian, Wang, and Zhang, PRC 93, 014618 (2016) 



Isotope distributions for 136Xe+208Pb at Ec.m. = 450 MeV 

Li, Zhang, Li, Zhu, Tian, Wang, and Zhang, PRC 93, 014618 (2016) 
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34�

136Xe+208Pb, Ecm=450 MeV 

Results of GRAZING model is good for target-like products 

 
2.2 A combination of  the Grazing Model and  

    the Dinuclear System (DNS) Model 
 

Each model has Its limitations for the results. 

Data: Barrett et al,  PRC91(2015)06461 



Comparison  of GRAZING and DNS: formula 

35�

Physical mechanisms 
described by these two 
models are mutually 
complementary depending 
on whether capture 
happens. 

 
Ø  deals with the nuclei scattered with probability (1-Pcap) 

Ø  quantum transition from one nuclei to another without capture 

Ø  deals with the nuclei captured with probability Pcap 

Ø transfer  or dissipation due to transportation after capture 

 

GRAZING: 

DNS: 



Combination 

36 

To be consistent with GRAZING model and DNS model: 

p The same heavy-ion potential with none free parameters 

p Extract capture probability from GRAZING model into DNS model 

p Extract grazing angular momentum from GRAZING 
model into DNS model to predict interaction time 



37�Wen, Li, Zhu, Lin, and Zhang JPG 44(2017)115101 

136Xe+208Pb Ecm=450 MeV Fröbrich98, et al, Phys. Rep. 292, 131 (1998) 

Based on Pcap and b: transfer reactions can be 
clearly clarified into four areas by these two models. 



38�

 136Xe+208Pb, Ecm=450 MeV 

Combination of  results by GRAZING+DNS is better 

Wen, Li, Zhu, Lin, and Zhang JPG 44(2017)115101 



39�

 64Ni+238U, Ecm=307 MeV 

Contrast of results by these two models is more obvious 



40�

 64Ni+238U, Ecm=307 MeV 

Results are also significantly improved by GRAZING+DNS 



Wen, Li, Zhu, Lin, and Zhang, JPG 44(2017)115101 
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Date:   Y. X. Watanabe et al. 
PRL 115, 172503 (2015). 

Ec.m = 643 MeV 

136Xe+198Pt 

3. Transfer Reaction induced  by RNB 

Cal:  Zhu, Su, Xie, and Zhang 
        PLB 707, 423 (2017). 



Data:   J. S. Barrett et al., PRC 91, 064615 (2015). 

Ec.m=450 MeV 

 It is favorable to produce n-rich  
nuclei with charge number less  
than targets. 

Cal:  Zhu, Su, Xie, and Zhang 
        PLB 707, 423 (2017). 



Ec.m.=1.1Vint 

The circles denote 
the unknown n- 
rich isotopes. 

Cal:   Zhu, Su, Xie, and Zhang 
         PLB 707, 423 (2017). 



Cross sections of nuclei with neutron closed shell N = 126  for reactions 
136Xe, 139Xe, 144Xe, and 132Sn with 208Pb，Ec.m. = 1.1VCN.  
Open symbols denote unknown isotopes (198Ta).  

Zhu, Su, Xie, and Zhang, PLB 707, 423 (2017) 



Zhu, Su, Xie, and Zhang, PLB767(2017)417-442 









Comparision with experimental work in ANL 



Isotope production  cross sections for 199Pt, 203Pt, and 208Pt  
136Xe +198Pt, 7.98 MeV/u 

Li, Zhu, Wen, Zhang, Phys. Lett. B 776 (2018) 278. 





Production of n-rich 209-212Pt isotopes 









Production of n-rich 280-283,290-292Fl isotopes 



Production of n-rich 280-283,290-292Fl isotopes 



Production of n-rich 261-263No isotopes 









Recent	publicaDons	
PRC89(2014)024615	
PRC90(2014)014612	
JPG42(2015)085102	
PRC93(2016)014618	
PRC93(2016)064610	

53.61 ,4.67 ,2.85 ,84.70 ,4.29b b b nb nbµ µ µ

46.24 ,16.83 ,2.00 ,0.85 ,73.75b b b b nbµ µ µ µ

6.90 ,3.70 ,0.12 ,44.44b b b nbµ µ µ

176Yb+238U	

Ec.m.=	600	MeV	



Effects of the shell corrections on the  alpha-
decay of the 280-305Fl isotopes 

(PRC in production) 
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周长: 500 m 
磁钢度: 34 Tm 
束流累积 
束流冷却 
束流加速 

BRing: Booster ring 

周长:180 m 
能量: 17MeV/u(U34+) 

iLinac: Spectrometer linac 

周长:240m 
磁刚度: 13Tm 
电子/随机冷却  
双TOF探测器  
电子靶 

SRing: Spectrometer ring 

HIAF 布局  

SRing-A 

SRing-B 

离子-离子 Merging 
        （U92+） 

电子-离子碰撞 
（将来升级） 

BRing 

Ions Energy Intensity 
SECR U34+ 14 keV/u 0.05 pmA 

iLinac U34+ 17 MeV/u 0.028 pmA 

BRing U34+ 0.8 GeV/u ~1.0×1011 ppp 



1. GRAZING model is suitable for estimating the isotope production 
cross sections only for Z = −1 to +2,  (ANL data, talk by W. Loveland, 
Shaofei Zhu). 
 
2. The ImQMD calculations give reasonable predictions of the isotope 
production cross sections for Z = −3 to 0. 
 
3. With a combination of  GRAZING and DNS model, Nuclear 
reactions can be clearly clarified, and Description of transfer reaction 
cross sections can be clearly understood. MNT=Grazing + DIC. 
 
4. The beam 144 Xe shows great advantages for producing unknown 
neutron-rich nuclei around the N =  126 shell closure. 
 
5. HIAF and Beijing ISOL provide good opportunities. 

Thank you for your attention ! 



Happy Birthday！ 
Professor Arima 

Peach flowers 


