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During the studies of cold fusion reactions at Dubna, 
the beam of 48Ca was produced 

for the first time with U300  
cyclotron + PIG-ion source  

in 1975  
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  Synthesis of SHE  

  with 48Ca-induced 

reactions 
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  Decay properties  

of the superheavy nuclei 



ΔQα / Qα ≈  ±5% 

Alpha decay energy of the heaviest nuclei 
                                                                                         Theory and experiment 

Black – cold fusion reactions 
Red – 48Ca-induced reactions 
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Calculated fission barrier heights 
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Trans-actinides 

Superheavy nuclei 
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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  
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Technical achievements 

& 

further development 

 

 

Collaborations 



The neutron-rich isotopes  

of the Actinides was produced  

at ORNL (USA) by irradiation:  

of Cm and Am targets in each  

campaign for approximately 

  

           250 days 
   

by thermal-neutron flux of 

  

2.5  1015 n/cm²·s  
 

in the HFIR  

(High Flux Isotope Reactor).   

TARGETS 
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ORNL 
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Rotating Targets from Actinide at DGFRS 
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0.3mg/cm2
 

on 1.5 μm-Ti foil  

ω = 1700 rpm 

Target Target 

For rotating target of D=360 mm 
the intensity of the beam could 
be increased up to 10-12 pµA 

Total amount of target material  
Is about 100 mg 
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36 cm2 

1.0 mg/cm2
 

100 cm2 
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Increase of the beam intensity and beam dose 

There are two options: 

 

Options 

 

Beam intensity 

/pµA/ 

 

 

Beam dose 

/per year/ 

Upgrade the U-400 cyclotron 

for acceleration 48Ca+8 ions 

with the new ECR-source 

  

 

2.5 

 

0.5·1020 
 

Create a new accelerator 

specially for production and  

studies of SHE  

 

 

10-20 
 

 

≈ 4·1020 
 

At the target position for cross section 10 pb 
the expected production rate could be about    30/day 
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Consequences 

Related sciences 
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Nuclear fission 
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P.R. C40, 770 (1989) QF = 268 MeV 
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Towards closed shell N=184 

 

 

            Synthesis SHE with RIB 
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Realistic RIB intensities for the synthesis of SHE could be obtained 

for the isotopes close to 48Cf produced in simplest reaction like 

stripping, nucleon transfer, knock-out, charge exchange etc. 

 

RIB 



249Bk + 48Ca 

243Am + 48Ca 

One proton stripping 
reaction: 
48Ca →47K (17,5s) 
              or   

SF? 

248Cm(47,48K, 3n) 292-293115 

an example: 

 

At the intensity of 47-48K-beam of 1pnA 
and 3n-cross section of 10 pb (as we  
have today) expected production  
rate of 292-293115 nuclei  
                             is about 1 per month 
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Charge exchange 
reaction: 
48Ca →48K (6,8s)   
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Heaviest Atoms 
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Zmax 

rmax - principal maximum  

            of the wave function 
            of the outermost orbital  
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SH- ion charge exchange reactions with various gas-targets   
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Beam of the SH-ions 

with variable  

energy 
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U-400 & DGFRS
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