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In cosmic ray propagation calculations one can usually 
assume a homogeneous distribution of interstellar matter. 
The crucial astrophysical parameters in these models are: 
The path length distribution, the age of the cosmic ray 
particles and the interstellar matter density. These 
values are interrelated. The surviving fraction of radio-
active cosmic ray isotopes is often used to determine a 
mean matter density of that region, where the cosmic ray 
particles may mainly reside. Using a Monte Carlo Propag-
ation Program we calculated the change in the surviving 
fraction quantitively assuming a region around the 
sources with higher matter density. 

1. Introduction. While the electromagnetic radiation from the 
stars comes on straight lines to the earth cosmic ray particles 
travel from their source scattered by diffusion by interstellar 
magnetic field variations. Thus cosmic ray can give answers to 
the structure of interstellar space when their process of pro-
pagation in these regions has been understood more in detail. 
Continuing the work (1-7) which has been done on this subject 
in the past in this paper a two-zone propagation model using a 
Monte Carlo program is presented. It is the temporal aspect 
which can be obtained from long live secondary radioactive 
cosmic ray isotopes, called radioactive clocks, like 1°Be,'it>Al 
and 36ci and which can be studied adequate only by an inhomo-
geneous model like a two-zone model that led us to develop the 
earlier proposed two-zone models further (8-11). 
The number of stable secondary cosmic ray isotopes produced by 
fragmentations on their way from their source through inter-
stellar space is only influenced by the total amount of inter-
stellar matter, the number of instable radioactive secondary 
isotopes, however, is in addition strong„ly effected ^y the 
distribution of the interstellar matter. 
2. The two-zone model and the Monte Carlo propagation program 
Supernovae - considered here as cosmic ray sources (12-15) -
are surrounded by an envelope indicating that cosmic ray 
particles may penetrate a certain amount of matter with high 
density shortly after their injection from the source before 
they reach the interstellar space which is of much lower 
density. 
We developed a Monte Carlo program to be able to follow the 
individual particle through the source region and through the 
interstellar space by varying the densities and the mean path 
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lengths in both regions. Thus this two-zone model has five 
parameters: 1) the mean path length inpthe source region 
x1[g/cm2] and 2) in the galaxy x 2 [g/cnr] , 3) the number density 
n1 of H-atoms per cm5 in the source region and 4) in the galaxy 
ni and 5) the kinetic energy of the particle. Table I shows 
seven selected cases for which the calculations were performed. 
Assuming an energy independent exponential path length distribut-
ion in both regions one has the situation of a "double leaky 
box"-model. In the Monte Carlo program one starts with a great 
number (e.g. 50000) of iron nuclei, the heaviest primary 
element and steps with all these iron nuclei individually 
through some random generators simulating on the average the 
path length distribution in the different regions. The inter-
actions with the interstellar matter and the fragmentation 
characteristics are determined by the cross sections concerned 
using the semi empirical formulae (6) and experimental data, if 
available. The surviving primary iron nuclei and all the frag-
mentation products were stored for further evaluations. This 
was also done for all the other primary source nuclei taking 
the source composition given in (7). 
The loss of radioactive isotopes in this procedure could be due 
to interactions or to decay. The increase of their life time 
due to relativistic velocities at high energies has been 
considered, while no energy loss was taken into account. 
3. Results. The figures 1, 2 and 3 show the resulting ratios 
of the calculation for the seven cases of Tab.I. In Table II 
in addition the surviving fraction <£ - i.e. the ratio of the 
at the earth surviving secondary radioactive isotopes to all 
produced secondary radioactive isotopes of the same kind - at 
four different primary energies and the mean travelling time T 
are listed. T is defined by T = (x-i +x2)/(( -/3-C ) where 
(x-j+xp) is the total ngth length. + J is the toial mean 
density (o = 1.67* 10"2^-n jg/cm-3] ) aild fh*c is the velocity of 
the particle. 
4. Discussion. As can be seen from Tab.II, in case 3, 4 and 5 
about the same percentage of 1oBe/Be derived for different 
combinations of the densities in the two zones belong to mean 
times which differ by a factor 100, i.e. between these model 
cases cannot be distinguished even with very accurate measure-
ments . 
It is too early to decide from presently available measurements 
which one of the seven cases is given in nature. The "°Be 
measurements - sumarized in (16) to be 1oBe/^Be + ̂ Be )= 5 ± § % 
at 100 MeV/Nuc - are spread over the whole set of curves 7 
Because no solar modulation was included in our calculations 
this measurement should be applied at about 300 MeV/nuc in the 
calculated curves. 
When future measurements achieve results which are accurate 
enough the cases 1, 2, 7 and may be 6 at higher energies could 
be discriminated (see fig. 1,2,3). The cases 3, 4 and 5, 
however, cannot be discriminated by this method. For 2°A1/A1 
and 1oBe/Be the situation allover is a little bit better than 
for ^bCl/Cl, thus future Al-isotope measurements in continuation 
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of prasently available very preliminary ones (17-19) look very 
promising Judging from our calculations. 
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case source 
path length 

x1 [g/cm ] 

region 
nuaber density 
n 1(ca~ 3 j 

gala 
path length 
*2 ! g / c " 2 l 

c t i c region 
nuataer density 

n2[ca~3] 

1 4.5 103 0.5 1 

2 2.5 103 2.5 1 

3 0.5 103 A.5 1 

2.5 1 2.5 1 

5 0.5 10-3 4.5 1 

6 2.5 10-3 2.5 1 

7 4.5 10-3 0.5 1 

•attar density j [g/oa3] - n (ca"3] •1.67-10-24 [gj 



Tab. II Surviving fraction t£ and ratio Rftor 10B«, 26AI and ^Cl in % tor 5 g/ca2 
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