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We	
  will	
  discuss:	
  

	
  

•  How	
  big	
  a	
  nucleus	
  may	
  be,	
  

•  What	
  is	
  a	
  maximum	
  number	
  of	
  protons	
  and	
  

neutrons	
  it	
  may	
  contain,	
  

•  What	
  is	
  the	
  limit	
  of	
  atomic	
  nuclei	
  mass	
  
and	
  how	
  it	
  is	
  determined.	
  



G.	
  Gamow	
  1928	
  

	
  

In	
   the	
   first	
   attempts	
   of	
  
describing	
   the	
   properties	
   of	
  
nuclear	
   matter	
   (1928)	
   a	
   daring	
  
supposition	
  was	
  made	
  that	
  atomic	
  
nucleus	
   is	
   an	
   object	
   similar	
   to	
  
a	
   drop	
   of	
   positively	
   charged	
  
liquid,	
  the	
  so	
  called	
  

Liquid-­‐Drop	
  Model	
  of	
  Nucleus	
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  energy  
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Reactions of Synthesis 
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Synthesis of the SHE 
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Isotope	
  

Target	
  
thickness	
  
mg/cm2	
  

	
  

Isotope	
  
enrichment	
  %	
  

	
  
Setup	
  

233U	
   0.44	
   99.92	
   DGFRS	
  

237Np	
   0.35	
   99.3	
   DGFRS	
  

238U	
   0.35	
   99.3	
   DGFRS	
  

242Pu	
   0.40	
   99.98	
   DGFRS	
  

1.40	
   99.98	
   Chem.	
  

243Am	
   0.36	
   99.9	
   DGFRS	
  

1.20	
   99.9	
   Chem.	
  

244Pu	
   0.38	
   98.6	
   DGFRS	
  

245Cm	
   0.35	
   98.7	
   DGFRS	
  

248Cm	
   0.35	
   97.4	
   DGFRS	
  

249Bk	
   0.35	
   ≥90	
   DGFRS	
  

249Cf	
   0.30	
   98.3	
   DGFRS	
  

Energy:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  235-­‐250	
  MeV	
  
	
  
Intensity:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.0-­‐1.2	
  pμA	
  
	
  
ConsumpDon:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.5	
  mg/h	
  
	
  
Beam	
  dose:	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  up	
  to	
  4.5·∙1019	
  

TARGETS 

48Ca - PROJECTILES 

REACTIONS OF SYNTHESIS 
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With Z >40% larger than that of Bi, the heaviest stable element,  
we see an impressive extension in nuclear survivability.  
 
Although SHN are at the limits of Coulomb stability,  

• shell stabilization lowers ground-state energy,  

• creates a fission barrier,  

• and thereby enables SHN to exist.  
.  

The  fundamentals of the modern theory  
  concerning the mass limits of nuclear matter  
           have obtained experimental verification  

Yu
. O

ga
ne

ss
ia

n 
 2

01
1 



Super Heavy Atoms 

Chemistry of the SHE 
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Reaction: 
                  242Pu(48Ca,3n)287114[0.5s]→ α →283112[3.6s] 

      
Compounds:  

Hg(Au)            
                  and 

112(Au) 

R. Eichler et al., Nature 447 (2007) 72 
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Element 112 is a noble metal – like Hg 

room temperature 



The Discovery of the SHE  
Raised a Questions 



Is	
  the	
  observed	
  ISLAND	
  last	
  one? 
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obviously...	
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  of	
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Everything	
  we	
  know	
  about	
  SH-­‐nuclei	
  produced	
  	
  
in	
  48Ca-­‐induced	
  reaceons:	
  

-   ReacDon	
  of	
  synthesis	
  (CN	
  and	
  neutron	
  evaporaDon)	
  	
  	
  
-­‐ 	
  	
  ProducDon	
  cross	
  secDons	
  (excitaDon	
  funcDons)	
  
-­‐ 	
  	
  CompeDng	
  channels	
  (background)	
  
-­‐ 	
  	
  Decay	
  chains	
  (principal	
  decay	
  modes)	
  
-­‐	
  	
  Half-­‐lives	
  of	
  the	
  SHN	
  (and	
  its	
  α-­‐decay	
  products) 

 All	
  achievements	
  obtained	
  in	
  last	
  decade:  
-­‐	
  in	
  experimental	
  technique,	
  	
  
-­‐	
  in	
  accelerator	
  and	
  plasma	
  physics,	
  	
  
-­‐	
  in	
  detectors,	
  	
  
-­‐	
  in	
  target	
  technologies,	
  etc.	
  

and	
  

 
 
 

 …allow	
  us	
  to	
  think	
  about	
  a	
  SHE-­‐Factory	
  	
  
with	
  producDon	
  rate	
  about	
  100	
  Dmes	
  higher	
  	
  

than	
  what	
  we	
  currently	
  have	
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30 kV 
ECR Source 

30 kV 
Ion Beam Separation 

100 kV 
Ion Beam Bending 

100 kV 
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Projecele	
   Ion	
  Charge	
  
	
  

Intensity	
  
	
  

20Ne	
   3+	
  -­‐	
  4+	
   1·∙1014	
  	
  pps	
  
48Ca	
   7+	
  -­‐	
  8+	
   6·∙1013	
  	
  pps	
  
50Ti	
   7+	
  -­‐	
  9+	
   3·∙1013	
  	
  pps	
  
70Zn	
   3+	
  -­‐	
  4+	
   2·∙1013	
  	
  pps	
  
86Kr	
   12+	
  -­‐	
  15+	
   3·∙1013	
  	
  pps	
  

100Mo	
   13+	
  -­‐	
  17+	
   2·∙1012	
  	
  pps	
  
124Sn	
   17+	
  -­‐	
  21+	
   2·∙1012	
  	
  pps	
  
136Xe	
   18+	
  -­‐	
  23+	
   2·∙1013	
  	
  pps	
  
208Pb	
   28+	
  -­‐	
  35+	
   1·∙1012	
  	
  pps	
  
238U	
   32+	
  -­‐	
  40+	
   1·∙1011	
  	
  pps	
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