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It is known that at high density of free 

neutrons heavy nuclei are formed due to 

reactions of nuclear capture of two types: 

 

1.s-process (s-slow) when a nucleus is beta-

decayed before the capture of a neutron. 

 

At neutron density of 10**10 cm**-3 the 

exposition time needed to completely transform 

iron into lead is about 10**3 years. S-process 

can be held responsible for formation of all the 

elements up to Z= 83. 



2. r-process (r-rapid) – nuclear synthesis 

which takes place close to the boundary of 

neutron stability when the rate of neutron 

capture by nuclei is much higher than that of 

beta-decay. 

 

 

Now it is generally accepted that many nuclei 

heavier that iron, including all nuclei heavier than 
209Bi are formed due to  r-process by rapid 

consequential capture of large number of 

neutrons.   

 



The formation of superheavy nuclei in nature can only be related to r-process.  

 

At present time are two conventional basic scenarios of 

evolution of astrophysical objects implying the realization of 

powerful r-processes with formation of superheavy elements.  

 

1. Ejection into interstellar space of strong neutronezed 

matter accompanying the merger of neutron stars 

(Frayburghaus et al 1999; Lattimer and Shramm, 1974; 

Simbalisty et al., 1982; Imshennik 2008). 

 

2.High neutron density in the released envelope of type II 

supernova behind the shock wave front in neutrino heated 

internal part of the helium layer (Wysli et al, 1994; Witti et al, 

1993).  
The detailes of the mechanism are not yet clear, however both the relative 

concentration of elements calculated using these schemes (Frayburghaus, 1999) 

and observations of old stars (Sneden et al, 2000; Faruki et al 2009), allow to 

suggest that these scenarios might be realized in nature (Wasserburg et al, 1996; 

Kian and Wasserburg, 2000).  



The models of formation of superheavy nuclei in astrophysical processes. 

Ю.С. Лютостанский, Известия АН СССР, сер. физ., 1986, т. 50, с. 

834.   

И.В. Панов, И.Ю. Корнеев, Ф.-К. Тилеман, Ядерная физика, 

2009, т. 72, № 6, с. 1070. 
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According to the theory the lifetime of element Z=110, A=294 should be more 100 million 
years. However, if the number of neutrons or protons in the nucleus are changed by 2-3 units 
(just by 1%), then the lifetime of the element is decreased by a factor 10 millions. 
Another example in Pb-208 (Z=82, N=126), which is stable. However the lifetime of Pb with 
127 neutrons is only 3.3 hours. 
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JINR synthetic elements 

production:  

 

Flerov: 

102, 103, 104, 105 (dubnii), 106 

Oganessyan: 

112, 113, 114 (flerovii), 115,  

116 (livermorii), 117, 118. 

Pu-239  

Production of synthetic 

elements in the world 

growed from billion part of 

gramme up to many 

kilograms, even tones. 



     H. Tsao, et al., Astrophysical Journal, 549, 320-324, 2001 

Domingo et al. (1995), Westphal et al. (1998), Donelli et al. (1999)   

First investigation of very heavy nuclei (Z~26) were carried 

out  by  Maurette et al. (1964) 

More heavy:   Fleischer et al. (1967) 

 



Так, например, трековый 

детектор, размещенный на 

космической станции Skylab, 

включал 36 камер, каждая из 

которых состояла из 32 слоёв 

ПТД лексана, экспонировался 

на высоте 430 км в течение 

253 дней. Идентификация 

заряда ядер, образующих 

треки, осуществлялась по 

величине скорости их 

травления в пластике. 

Полученные с помощью многослойных пластиковых трековых детекторов (ПТД) 

результаты показали перспективность их применения для изучения зарядового 

состава ядерной компоненты ГКЛ вплоть до элементов (Th, U)-группы. Для того, 

чтобы зарегистрировать несколько ядер (Th,  U)-группы ГКЛ необходимо сборку, 

составленную из многих  десятков пластин ПТД площадью сечения каждой около 

0,25 м2, облучать в условиях открытого космоса (высота 300-400 км над 

поверхностью Земли) на ИСЗ в течение нескольких лет.  



ПТД сборки, 

составленные также из 

пластин лексана, с 

расположенными между 

ними пластинами свинца 

(эксперимент UHCRE - 

Ultra Heavy Сosmic Ray 

Experiment) 

экспонировались на 

высоте 450 км в течение 

69 месяцев на 

космической станции 

LDEF. Всего в этом 

эксперименте было 

зарегистрировано около 

2500 треков, 

относящихся к ядрам с 

Z>65.  



Эксперимент TREK 

проводился на 

космической станции Мир 

на высоте 450 км и 

продолжался более 40 

месяцев. Детектор 

включал 150 стопок, 

каждая из которых 

состояла из 16 листов 

барий-фосфатного стекла 

(BP-1). После травления 

было найдено несколько 

сотен следов, 

принадлежащих тяжёлым 

ядрам с Z > 70. 



The most detailed – Perelygin V. et al.  

                  (1985) 



     For nuclei with Z>86 there are just several scores of events with 

very uncertain data on their energy distribution, (Binns et al., HEAO 

3; Fowler et al., Ariel 6; Shirk et al., Skylab))   - flux of such particles is 

about 1-2 nucl./m2/year 

 

Conclusion: large area detectors and long expositions are needed.  

 The meteorites are natural “detectors” which       

have many millions years of exposition time. 
 

The use of the factor of long-time exposure of meteorites in space leads  

to a great advantage of the method for the search of superheavy elements 

in crystals of olivine from meteorites as compared with methods based on 

the use of various satellite and aerostat detectors.  

 

G.Flerov evaluated that in consideration of great 

meteorite ages investigation of 1 cubic centimetre olivine 

from meteorites is equal to results of space experiment 

with 1 ton of emulsion during 1 year.  



 

Prof. V.L.Ginzburg 

(Nobel prize of 2003) 

considered problem of 

superheavy nuclei 

search (investigation of 

existence of stability 

element islands) as one 

of the most important 

problems in the 

modern physics.  
 
 

 Prof. V.L.Ginzburg included it to his famous list 

of first priority physical tasks.  

 



       Starting 2005 the investigations of galactic cosmic ray nuclei are 

carried out  at Lebedev Physical Institute of RAS. 

 

 





1.Marjalahty   

   (Finland,  1902 г.). 

 

The size ~ 30 см.  

The weight ~ 45 kg.     

The age ~ 185 ml. years.  

2. Eagle Station  

   (USA 1880 г.). 

 

The size ~ 25 см.    

The weight ~ 38 kg.  

The age ~ 300 ml. years. 



1.  Marjalahty 

2. Eagle Station 

 



Pallasite meteorites consist of an iron–nickel matrix with inclusions of olivine 

crystals, a yellow semi-transparent mineral of up to 1–2 cm in size  



Completely Automated Measuring Facility PAVICOM 



Highly efficient measuring 

complex PAVICOM 
PAVICOM used to search for and measure the parameters of tracks  

of superheavy GCR nuclei in olivine crystals 

The complex is based on the use of CCD cameras to register and digitize images  

of heavy nuclear tracks in the microscope, and a original software  

package for recognition of track images and reconstitution of track positions  

in space 



Few crystals mounted in epoxy tablet for investigation 

on microscope. 
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The curves illustrate the method of the full etching track length 

determination in olivine for a number of nuclei  from            up to 



The form of different parts of nuclei track 

Emax 

The scheme of etching track formation in olivine  

 Heavy nuclei produce etchable structure transformations in solid-state 

detector   



Источник Cf-252,  

за 10 мин дает 10**5 осколков ядра  
 

Source  Cf-252,  

during 10 min - 10**5 particles  
 

HCl + H2SO4 etching solution at specific  

temperature and pressure  



50 μm 



The method of stepwise cut and etching is used 

The thickness of cut layer is d = 30 – 100 μm 

4 



40 μm 

10 μm 



The main problem:   

             the size of the using olivine pieces  is less 

             as compared with total etched length. 

 

=>   The measurement only track length is not enough  

 

Characteristics : 

 

     1. The length of etched track. 

     2. The etching rate. 

     3. The etched channel width. 

=>  It is necessary to have calibration experiments 

The charge identification method 



Darmschtadt, GSI 



 Length of tracks  57±6 мкм (by the calculation ~ 65 мкм) 

 

 Etch rate (E=11.4 MeV/nucl) ≈ 10-14 micron/hour 

 Хе nuclei tracks (Е=11,4 МeV/n)  

 
Size field of view ~ 500700 microns  

 

Flux density (4-10)10**5 nuclei/cm**2  -  30-80 tracks/crystal 



TRACKS LENGTH DISTRIBUTION
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Калибровка в Дармштадте 2009 г, Au, 11.4 МэВ/н 

   Darmschtadt, 

GSI,  2009 г.,  

Au, 11.4 МeV/n 

 

 

Calculation: (77  5) microns 

Experiment: (69  6 ) microns 

 

Etch rate  16 micron/hour 



Darmschtadt, GSI, 2010 г.,  U,   Е= 150 МэВ/н  

Obtained lengths U (91±5 μm)  

Good agreement with SRIM and GEANT4 programs U  (89±5 μm) 



Fe 

Kr 

Xe 

U 

Measured VTR  values at the certain residual range (RR) of 

accelerated Kr, Xe and U ions and Fe nuclei in olivine 

crystals from the Marjalahti pallasite. 



X-ray diffractometer at the Institute of problems of microelectronics 

technology and high purity materials RAS, Chernogolovka 

V.K.Egorov 











Charge – Length – Etching Rate dependence 

(UFN, v. 180, № 8, p.839-842, 2010). 



The galactic nuclei abundance A (AFe= 106)  

(■ - HEAO;  o – Ariel;  x – our results 9173 nuclei; 

Maryalakhty - 5654,  Eagle Station – 3519) 



   Besides the distributions of galactic nuclei 
we observed three events having very large 
charges (our estimations are Z>105).  

 

Their lengths are large (700-900 μm) but 

their minimal etching rates are more then  

                             35 μm/h. 

 

It is very large as compared with the uranium 
maximum etching rate (25 μm/h). 

Superheavy nuclei 



185 μm 

365 μm 



~35o 

solution 

365 μm 

solution 

185 μm  

Epoxy 
Epoxy Olivine 

The total track length in olivine is ~550 μm.    

 

The etching time is 8 hours, 

 

but the etch solution can reach to track from both sides. 

  

=>    The minimum etching rate is about 35 μm/h. 
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The extrapolation of the residual range dependence  

Z(RR,Vetch) to superheavy nuclei. 



Regression analysis: at the confidence level 95% nucleus charge  

with etching rate about 35 micron/hour is Z=119(+10,-6). 
On the plot: red line – approximation for experimental data by straight line, green lines – 

error corridor at the confidence level 95%. Vertical lines mark out possible charge 

interval at the confidence level 95% at etching rate near stopping point 35 micron/hour. 



The superheavy nuclei in olivine crystals evidently lived long enough to 

fly from the place of their origin to the meteorite. At present, it is 

believed that the main source of the nuclear component of GCRs are 

supernovae, in which the nuclei of superheavy and transuranium 

elements are generated and accelerated.  

 

To reach the solar system and form the tracks registered in our 

meteorites, the average lifetime of these nuclei must be equal to at 

least the time of their propagation from the source to our solar 

system’s asteroid belt.  

 

In estimating the lifetime of superheavy nuclei, we must consider that  

(a) in order to form tracks in olivine crystal the nuclei must have an input 

energy in the meteorite of several gigaelectron volts per nucleon, and 

(b) supernovae in our Galaxy can occur at distances of ~1–8 kiloparsecs 

from the solar system.  

 

A rough estimate of the minimum lifetime of such  

                GCR  nuclei  thus  yields  a  value of  

                           3000  to  25000  years.  

 



   Conclusions. 

 

1.  We derived the charge distribution more then 9000 
galactic nuclei whose charges are more 55. 

 

2. We observed three events whose charges are 
estimated 105<Z<130; one of them  Z=119(+10,-6).  

 

3. Our evaluation of minimum lifetime of GCR nuclei is 
equal about 3000 up to 25000 years.  

 

4. So we derived additional indication of existence in 
nature (galactic cosmic ray) of the stability island 
elements. 

 



THANK    YOU! 


