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Industrial Age  
Of Nuclear Physics 

Factories of Radioactive  
Ion Beams (RIB’s) 
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Ca(Z=20)+Bk(Z=97)=117 

Bombarding particle 48Ca 
Target materials:  U, Pu, Am, Cm, Bk, Cf 



• Irradiation in the HFIR flux trap 

– Thermal-neutron flux  
of 2.5  1015 neutrons/cm²·s 

– 31 target positions  
(10–13 targets typically irradiated) 

– Produces ~35 mg 252Cf per target  
(smaller quantities of Bk, Es, Fm) 



Mass Analyser of Super Heavy Atoms (MASHA) 

Experimental setup 

249Bk: 22 mg , 
1 year of the reactor operation,  

1 M$ cost 



Dubna gas-filled separator 
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1 event/10 days 



May 2011: 

Approval of the discovery of new elements 114 and 116 
 

May 2012: 

Official approval of the name Flerovium for element 114 

        and the name Livermorium for element 116 
 International Union of Pure 

and Applied Chemistry 

The 7th period of the periodic table of elements is now complete 

All these elements were synthesized for the first time at the U400 

accelerator complex of the Flerov Laboratory of Nuclear Reactions of JINR. 

• Priority for elements 115 and 117 is assigned to: JINR (Dubna) - LLNL (USA) – ORNL (USA) 

collaboration 

• Priority for element 118 is assigned to JINR (Dubna) – LLNL collaboration. 

8th June 2016: 

Provisional recommendations for naming elements 113, 115, 117, 118 

30th December 2015: 

Approval of the discovery of new elements 113, 115, 117, and 118 
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 Synthesis and study of properties 

of SHE. 

 Search for new reactions for  

      SHE-synthesis. 

 Chemistry of new elements. 

SHE-factory 



Halo nuclei 
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Fragment-separator ACCULINNA-2 



New research instruments (the Nanotechnology Centre) 

 Study of effects arising under irradiation  

      by heavy ions; 

 Controlled modification of properties of  

      material with the use of heavy ion beams; 

 Development of technologies of track  

      membranes. 

General view of the new laboratory 

building  (Centre of Nanotechnology) 

APPLIED RESEARCH 

(Nanotechnology Centre) 
Cyclotron IC-100 



Мicrometers 

Nanometers 

Early cancer diagnostics,    
4-7 мcм 

Molecular  sensors, < 
20 nм 

Очистка воды,                  

0.4-1 мкм  

Track 
membranes 



              

 

 Снимок ядерного фильтра под электронным микроскопом. 

  а) Срез ядерного фильтра. В правом нижнем углу белой    линией   

показан  масштаб снимка. 

  б)  Снимок ядерного фильтра под электронным микроскопом на 

        фоне человеческого волоса. 

 



   Dedicated beam-line (3  60 MeV/nucleon) 

     ions (usually  Ne, Ar, Kr, Xe, Fe or Bi) 

   Irradiation area – 200 200 mm2. 

   Beam uniformity better than 30% 

   Beam flux 1  105 cm-2s-1  

Single-Event Effects (SEE) 

testing at the FLNR 

cyclotrons 

Main user:  
The Russian Space Agency (Roscosmos)  



Thank you 


