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Super Heavy Elements 

 

    Super-heavy elements, 
(SHE)   usually refer to 
the transuranium elements 
with atomic number higher 
than 92. All of these elements 
are unstable and decay 
radioactively  into other 
elements. 

 The important decay mode for 
SHE is „Spontaneous Fission” 
[marked green in diagram]. 

 



  SHE have only been made artificially, 
and their short half-lives cause them to 
decay after a very short time, ranging 
from a few minutes to just a few 
milliseconds (except for dubnium, 
which has a half life of over a day. 

  Super-heavy atoms are created 
through the bombardment of 
elements in a particle accelerator.  

  
Some of the SHE elements were discovered 
in FLNR 

Super Heavy Elements 



New super heavy elements discovered 

 The latest release of the Periodic Table (dated 28 November 2016) includes the 
recently added elements 113, 115, 117, and 118 with their names and symbols. 
 The International Union of Pure and Applied Chemistry has announced these 
proposed names: 
 
Nihonium and symbol Nh, for the element 113 

 
Moscovium and symbol Mc, for the element 115 

 
Tennessine and symbol Ts, for the element 117 

 
Oganesson and symbol Og, for the element 118 
 





Creation of superheavy elements 
  

 ● For production of superheavy elements you need:    -  ion source      
                                                                                                -  accelerator  

                                                 -  target 

  ● Separation and detection of the reaction products:  - separation filter        

                                                                                                   - detector system for α decay 



Spontaneus fission 
 Spontaneous fission is a form of radioactive decay where 
an atom's nucleus splits into two smaller nuclei and generally one or 
more neutrons. 

 The reason fission occurs is that energy upsets the balance 
between the electrostatic repulsion between positively-charge 
protons and the strong nuclear force that holds protons and 
neutrons together. The nucleus oscillates, so the repulsion may 
overcome the short-range attraction, causing the atom to split. 

Spontaneous fission generally occurs in atoms with atomic 
numbers above 90. 

For example, uranium-238 decays by alpha decay with a half-life on 
the order of 109 years, but also decays by spontaneous fission on 
the order of 1016 years. 

 



Spontaneous fission of heavy 
elements 

  

 SF Halflives for SHE show strong 
dependence on so called “magic 
numbers”. 

  

 The numbers of nucleons 
needed to fill each successive shell 
are called the magic numbers: The 
traditional ones are 2, 8, 20, 28, 50, 
82, and 126. 



Multiplicity of prompt neutrons from 
SF 

 The multiplicity distribution of 
prompt neutrons is one of the 
important characteristics of 
spontaneous fission. 

The number of neutrons emitted during 
fission directly depends on the degree 
of excitation of fission fragments and 
thus plays an important role in the 
restoration of the reaction energy 
balance and aids the exploration of the 
nuclear properties.  

  

  

The average number of neutrons per fission as a  
function of the atomic mass.  



Experimental setup  

  

 The detector system of the 
SHELS separator has been 
complemented with an array of 
54 3He neutron counters to study the 
multiplicity of prompt spontaneous-
fission neutrons.  
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• 3He-counters placed in moderator and 
surrounded by shield (polyethylene with 
boron) 
Dimensions of counters: D=30mm, 
L=500mm 
3He pressure – 8 At 
 
Efficiency for single neutrons: 43.5 % 
(248Cm-source) 



NEUTRON DETECTION  

  Neutrons have mass but no electrical charge. 
Because of this they cannot directly produce 
ionization in a detector, and therefore cannot 
be directly detected. 

 This means that neutron detectors must rely 
upon a conversion process where an incident 
neutron interacts with a nucleus to produce a 
secondary charged particle. These charged 
particles are then directly detected and from 
them the presence of neutrons is deduced.  



He 3 counters 
 Prompt neutrons from SF have energies of        
1 – 1,5 MeV – cross section 7 orders smaller  

 ⟹ necessary to slow them down with 
polyethylene material 

 The most common reaction used for high 
efficiency thermal neutron detection today is:  

 n + 3He → p + 3H + 765 keV  

 where both the proton and the triton are 
detected by a gas filled proportional counter; 

 [cross section: 5400 barns – for thermal 
neutrons] 

  



BGO detectors 
 (Bismuth Germanate Scintillation)  

 

 Bismuth Germanate (BGO) is a high  
Z, high density scintillation material 
with chemical composition Bi4Ge3O12.  

 Due to the high atomic number of 
bismuth (83) and its high density, BGO 
is a very efficient γ-ray absorber.  

Voltage 1000 V 

Amplitude 2026 

Coarse gain  20 

Fine gain 5.8 

Polarity   negative 

Shaping time 0.5 μs 

For our BGO detector: 



  

  The photopeak efficiency (also called 
the photofraction) – the ratio of the 
number of counts in the total absorption 
photopeak to the total number of counts 
as a function of the γ-ray energy for 
38mm diameter, 38mm high (1.5" x 1.5") 
NaI(Tl) and BGO crystals.  

 The decay time of BGO is about 300ns 
at room temperature, which is 
comparable to that of NaI(Tl).  

BGO detectors 

 (Bismuth Germanate Scintillation) 



 Silicon detector 
   

 Advantages of silicon:  

 ● Reaction products are stopped in the detector 

 • α particle and fission fragments  

 are measured 

 • High energy resolution:   ΔE = 40 keV,  for α 
particles                                                  

             



Veto detector  
 

 For preparing the neutron detector we used a 
silicon detector as a trigger for neutrons.   

 

Double-Sided Strip Detectors – CD Series  

Features:  

 Strip detectors mounted on epoxy boards  

 Size: from 40 x 60 mm² and larger  

 Active thickness: 300 to 400 µm  

Advantages:  

 Good timing performances 



Calibration of detector  

  

 We measured active emitters, 
which were placed in a vacuum. 

 

 We evaluated the results of each 
sensor and then we evaluated best 
measured values ​​for the center of 
the silicon detector.  
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Goal of the experiment 
  

 The main goal of our project was 
preparing the detection system of SHELLS 
setup for experiments aimed to 
investigation of neutron properties of 
spontaneous fissioning heavy nuclei. 
 

 Calibration of Si detector with α sources 

 Determing efficiency of neutron detector 
 

  



Multiplicity and probability 
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The efficiency of neutron detector 
 To determine the detector efficiency, we calculated some ratios between the numbers of emitted neutrons, and 
then we compared these ratios with some known ratios. We obtained different efficiency for each ratio, and then we 
calculated the average efficiency.  

  
Number of 

neutrons 
Ratio 

Efficiency 

(%) 

Average efficiency 

(%) 

N1=5412 N1/N2=1.14953 49 

46.8 

N2=4708 N1/N3=2.7556 47 

N3=1964 N2/N3=2.39715 46.5 

N4=443 N3/N4=4.43341 46 

N5=46 N2/N4=10.62754 45.5 

The efficiency of 
our detector when 
the 248Cm source 
was placed at 0.2 
cm away from the 
detector  



  

 We did the same measurements  moving the 248Cm source at 2 and 8 cm away 
from the detector, and the average efficiency we obtained was:  
 

   

We can observe that the efficiency 
drops when the distance grows, 
this means that not all the particles 
are detected, and the detector will 
detect more of the particles from 
the center of the beam.  

Distance (cm) Average efficiency 

(%) 

0.2 cm 46.8 

2 cm  45,7 

8 cm 42,1 



Conclusion  
 

 We collected a lot of data for spontaneous fission events (15000) and prompt 
neutrons emitted in this process (23000) 

  We calibrated the Si detectors with alpha sources of known energies (212Bi and 
212Po) from thorium decay chain: 

 1 channel = 2,8 keV 

 FWHM (EαPo212 - 8785 keV) = 26 keV (0.3%)  

  The efficiency of neutron detector (Distance – 0.2 cm) was determined to be 46,8% 

 

 

 



Thank you for your attention !!  


