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PROPAGATION AND NUCLEOSYNTHESIS
OF ULTRAHEAVY COSMIC RAYS
© " MJ.Giler and T.Wibig '
Institute of Physics, University of 444z
90=-2%6 %46dsz, Nowotki 149/153,
Poland

1. introduction, The observed fluxes of c.r. ultraheavy
elements depend on their charge /and mass/ speCtrum at the
sources and on the propagation effects, namely on © the
distribution of path leniths traversed by the particles
on their way from the sources to the observation point, We
shall analyse the effect of different path length distri-
butions /p.l.d./ on the infered source abundances.lt seems
that it is rather difficult to fit a reasonable p.l.d. so
that the obtained source spectrum coincides with the Solar
System /3S/ abundances in more detail. Lt suggests that the

" nucleosynthesis conditions for c.r. nuclei may differ from
that for 3S matter. So we shall calculate the meleosynthesis
of ultraheavy elements fitting its parameters to get the
¢.r. source abundances. We shall see that it is possible to
get a very good agreemert between the predicted and the
"nhserved" source abundances.

2. Propasation, To analyse the effect of p.l.d. on the
oblained source charge spectrum we have used two quite
different path distributions - the leaky box one /exponen=—
tial/ and the distribution obtained for the gsource . located
in the Galactic Centre /1/4x)=AX(X*+XE) % The parameters
A and Xp have been adjustad’so to fit the lowar charge /7€%/
c.r. data, and for the leaky box X =5g/cm®* of H wasadopted.
The weighted mean fluxes observed by the both ultraheavy
experiments Ariel VI /2/ and HEAO 3 /3/ were propagated back
to the sources using the Silberberg and Tsao fragmentation
cross-sactions. The resulting source abundances normalised
to Pe are prescnted on fig.t1. The error bars contain the
experimental errors, the assumed 50%4 and 3% uncertainties
for the partial and total cross-sections respectively. As
the fragmentation process has a stronger effect for the

. Galzctic Centre /G.C./ p.l.d. /more longer paths tha storter
ones for x43g/cm®/ than for the leaky box model, the G.C.
abundances are a little less smoothly distributed. The
highest 2 elements are also more abundant for G.C. model as

- they are depleted more effectively than iron by longer pats

However the differencies between the two histograms lie
mostly within the error bars.

The two assumed p.l.d.’s can,in a sense,be considered
as two limiting cases: one /l.b./ corresponding to the
sources very close to us, the other - to the sources as far
as the Galactic Centre., Comparing both histograms witn the
Solar System abundances /4/, drawn also on fig.t., it is
seen that changing p.l.d. rather drastically does not lead
to any better agreement with the SS curve, although the
overall shapes are remarkably similar, as has been known
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for some time. Even taking into account the first ionisation
potential /FIP/ does not help much /e.g8./5// as it does for
lower elements /Z<£28/, where the c.r. source abundances are
rather well explained by SS+FIP /6/. As it is scen / and
has been already kuown/ the c.r. source abundances differ
from the S5 ones in the following: bigger Pt/Pb ratio / al-
though the experimental errors are large/, overabundance of
rare earth elements /584 2472/, underabundance of 27> 84
/although very big errors/, overabundance of Kr /2=36/ and
the 50<£ 2454 elements. In the following we shall investigate
whether these discrepancies could be explained by different
nucleosynthesis conditions. '

3. Nucleosynthegis and results. The shape of the Pt-Pb peak
and the presence of Z2> 90 events suggest that the rapid
neutron capture process may play an important r8le in the
synthesis of the highest Z elements. The neutron densities
in the r-process nucleosynthesis region are usualy assumed
so high that the A distribution for an element ofagiven Z,
N(A,Z), reaches very quickly an equilibrium state. 'This is
described by the formula /7/ 3

N(A+,2) _ wd(At4,2) (A”)%/n , z(ﬁrﬁ) I [Q(Aﬂ,z)-a(A.Zﬂ /i)
NAD “wh s A Tw T P KT 1

All isotopes slowly leak out from the given Z value. hecause
of ﬂu:ﬁ-decay, so we have

dNCQ:(A@)2_4N(Z"4)~Q\P>,.N(Z) 4+ spontaneus fission /ii/

‘ ‘ and other decays
where <')\P,>;=-; AF(A.Z)'P(A,Z); plA2Z)-determined from /i/.
Assuning the initial conditions /only Fe at t=0/ we can
solve /ii/ for N(zt). Having these we can find N(AE)

_ N(A[t):;N(A;Z;t) sy Where N(A.Z,'t)-’-N(Z,t)'P(A’;Z) / iidy

If the synthesis stops at the time t, nuclei come to the
stability valley mainly by’ﬁ-decay, not changing their A,
contributing to the lowest Z(A) stable isotope. Mo get the
position of the maxima in the abundance curve coincide with

the "experimental" data /particulary the Pt pgakﬁithe tem=-
perature T=2.75-10%and neutron density n,=10°Ycm’have been
fitted, Any other /T,n,/ set giving the same N(A+4,2)/N(A2)
gives the same results, e.g. n,= 10¥%cmdand 1 = 2,7%2.109.
Switching the r-process off after any single time will not
reproduce the data. So we have assumed a simple form of a
continuous time distribution &ive'h&°for't>tq and  4(t)= 0
for t Lty with to=6s and t4=3s. he truncation of | short
times was necessary to keep down the peak at Z=52 and the
width t, assures the right abundances of Pb and U. To cal-
culate 5,2 Q(A,2)~-Q(AZ)w~ have used the Myers-Swiatecki /&y
mass law and Ap were calculated according to /9/.The obtained
7 distributiodbtogether with the GC source abundances are
bresented on fig.2. Total amount of Fe nuclei processed Ty
the r-process equals to the 4.3-10°% fraction of Fe in c.r.
sources. We can see that all the abundances for 4 > 60 can
be described by the r-process nucleosynthesis within the
error-bar limits, '
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For lower % the slow neutron capture process must dominate,
This is described by the equation

d Na«?) = GA-A N(A")"G}\N(A) + «-decay term for A> 209 /iv/

where '(;?/:l,‘q)ﬁdtandvfﬂlkT/M'.The parameter T describes the
total acfumulated neutron bombardment per unit area, 64 are
the effective cross-sections_ for neutron capture at a given
temperature /10/. Adopting 64 for 30 keV we have calculated
N(AT), assuming A=56 atT=0. Here again one has to postulate
a suitable form of "time" distribution g(’t:) and compare

NA)= N(AIV)QCU)d-'C‘ corresponding to a particular 2 with the
c.r. data. Allen et al, fitted a power law 8(17)~’C"‘"* for the
SS material, with a cut=off for Ta=1.8410%3¥n/cn?. We hove
assumed the same functional form T~4H4 but to keep down the
synthesis for Z>60,Twax =1.4 10*¥n/cm* has tobte adopted. The
result is presented on fig.2. There are father large discre-
pancies for Kr /2%=36/, Xe /Z=54/ and Ba /%2=56/ .However these
can be accounted for applying to the calculated abundances
the first ionization potential effect /FIP/. We have applied
the form CR/s-process = 9,81.exp(~0.218+1) fitted to thec.r.
data for 24 26. The final result showing the sum of s-preocess
abundances /with FIP/ and these from the r-process is shown
on fig.3. Because of large FIP for Kr and Xe [larger than Fe/
and small FIP for Ba /smaller than Fe/ the discrepancies lar-
gely disappear, the biggest discrepancy being still for Xe.

4, Discussion, Bearing in mind that the experimental
uncertainties are rather large, that the c.r. fluxesof volatile
elements /including Xe/ may be suppressed and that the adopted
GC path length distribution gives deeper minima and higher
maxima in the abundance curve, we find that the agreement
between the c.r. data and the predicted abundances 1is very
good., With only a few parameters inour nucleosynthesis model
it is quite interesting. Of course, the GC p.l.4d. is not
crucial here - one would get similar nucleosynthesis parame-
ters adopting the leaky box model.

We have also calculated the superheavy /SH/ elements formed
in the r-process. The predicted flux ratio SH/U-group = 0,005
may be compared with an experimental results 0.01%x0.005 /114
However Schramm et al. /12/ gets SH/U=0.0014 usinga slightly
different mass law which shows that the calculationsare very
sensive to the way of extrapolating the mass formula to the
expected stability island at Z~114, and our agreement may
be coincidental.

The rdle of the r-process in synthetizing cosmic rays is,
according to our model, more important than for the SSmaterizl,
giving all nuclei for 72> 60. To determine whether it is true
or not, we have probably to wait for precise measurement of
even and odd 2 fluxes and, what is more desirable bPut also
much more difficult, for measurements of isotopic composition
- of ultraheavies.
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Fig.1 The abunfiances at the c.r. sources
/histograms: = Galactic Centre,

wwse leaky box/ and the Solar
System /curve 3S/.
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Fig.2 C.r. source abundances 7GC/ with
the calculated r- and S~process
abundances. Wt Nee%s
r: T=2,75-10°K,n,=10%m"

S: QT Tuge 1.4+ 10/cma™ ¢
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Fig.3 C,r. source abundances /histogram/
and the calculated abundances with
FIP included to the s-processelements.
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