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The present paper contains the results of experiments aimed
at investigating the charge spectrum of galactic cosmic ray
nuclei with the view of detecting the nuclei of superheavy
elements.

These investigations have been in progress since 1967: first
by using nuclear emulsions and subsequently with polymer track
detectors exposed in balloons or orbiting satellites/1:2/. Over
the past decade only 23 tracks have been detected due to the
86< Z < 96 nuclei with no events recorded in the region of
Z > 100.

The studies on the abundance of the Z > 50 nuclei, performed
by Price and coworkers with a thick stack of plastics exposed
on the orbiting space station "Skylab" in 1974-75 seem to be
most informative (Fig.la). The abundance of the Th-U group nuc-
lei was obtained in that experiment to be the 2-5x10~7 th frac-
tion of the abundance of the Fe nuclei for E2 300 MeV/n "2.3/

A total of 7 nuclei with Z ranging from 90 to 96 have been
recorded. It is evident that the SHE abundance is much lower
than that of Th-U nuclei; therefore the possibility of detec~
ting such nuclei in these experiments was practically elimi-
nated. For SHE searches it is necessary to increase by a few
hundred times the number of the detected nuclei with Z 2 90.
A possible solution to the problem is to reveal the tracks of
cosmic ray nuclei in olivine crystals taken from meteorites.
The main advantage of such crystals is their ability to record
and store the tracks of cosmic ray nuclei with Z 2 23 for up
to a hundred million years "%/ According to some estimates, for
a period of 108 years about 2x10%4 nuclei of the Th-U group have
passed through one square centimeter of the meteorite surface.
Possessing high energies (2500 MeV/nucleon) such nuclei can
pass a distance of several centimeters until they stop in meteo-
ritic matter. At the end of their range they produce zones of
defects about 1 mm long, which are observable after chemical
etching under an optical microscope with a magnification factor
of 100x-500x. The account of nuclear interactions and the dec-
line of the energy spectrum shows that most of the nuclei have
been stopped in a layer situated 1-2 cm from the preatmospheric
surface(5).However, in passing the earth”s atmosphere the meteo-
rite loses a~5 cm surface layer (6,7) in which ~ 90% of nuclei
with Z 250 have been stopped.We determined the depth of location
of crystals (7,8) by investigating the density of the tracks
due to the Fe group nuclei. The density of the Fe nuclei tracks
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Fig.1. Results of track studies to search for SHE nuc—
letl in cosmic rays. a) The atomic rumber Z distribution of
the nuclei detected in a stack of polymer detectors exposed in
the space station "Skylab™ (2); b) The distribution of the et-—
chable lengths of tracks due to the Z2 50 nuclei in olivines
from metecrites. The tracks were annealed for 32 hours at

a temperature of 430°. The low-energy parts of the two tracks
marked with crosses reached beyond the crystal surface.

in Marjalahti and Eagle Station pallasites turned out to lie

in the range 1010 -10!! ¢cm=8. Such a high density of the tracks
indicates that these crystals may contain up to 10% cm™3 of
tracks due to the Th-U group nuclei. Thus, despite the fact

that a large amount of information turns out to be lost, our
technique allows us to increase by many times the sensitivity of
SHE searches compared with the level achieved with nuclear emul-
sions and plastics (1=3). The identification of cosmic ray nuc-—
lear charges was made using the correspondence between the vol-
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ume etchable track length and the atomic number of the nuc-
leus (5,8). The identification of the nuclei was complicated
because of the partial fading of the tracks in cosmic space.
This fading leads to a difference in the lengths of tracks of
different age for nuclei with equal Z (9). The search for the
tracks of the heaviest nuclei and their identification were
very difficult because of the high density of tracks due to

the Fe group nuclei. Therefore we employed the technique of
controlled annealing of the tracks (10). The heating of the
crystals to 430°C followed by a 32-hour exposure at this tem-
perature led to the entire disappearance of the etchable tracks
of the Fe group nuclei and to the independence of track lengths
of the age for the Z 250 nuclei tracks (11).

According to the estimates made in the framework of the mo-
del of Katz and Kobetich/lstfthe etchable lengths of unannea-
led tracks of the nuclei of Xe , U and element with Z=114 are
equal to 230 pym, 1160 pum and 1830 um, respectively. The annea-
ling procedure was controlled by following the changes in the
lengths of tracks due to Xe ,Pb and U nuclei after the irra-
diation of the crystals at the accelerator. After annealing the
full etchable length of tracks due to Xe nuclei was equal to
26.5+1.3 ym. Using this as a calibration one, it is possible to
calculate, in the framework of the more accurate variant of the
Katz-Kobetich model proposed by V.A.Ditlov'l?'the tracks of U
nuclei to decrease to 210-230u m and those of the Z = 114 nuclei
to 340-380 ym.

To etch the tracks having the entire lengths enclosed in the
crystal volume it 1is necessary to introduce the etchant into
the crystal volume. For this purpose the crystals were exposed
to laser pulses formed with certain duration, amplitude and
shape. In the laser irradiated crystals a system of microcracks
is formed (fig.2a) which provide the penetration of the etchant
inside the crystalll?‘4ﬂ The etching of olivines was carried
out by an etchant '® during about 4 days at a temperature of
100°C in a hermitically sealed volume.

In experiments with abbealed crystals a total of 12 cm
of olivines mainly from Marjalahti meteorite have been scanned.
The results of these measurements are plotted in fig.lb. From
this figure it follows that the distribution of track lengths
contains a pronounced group of tracks 190-220 ym long as well as
eight 310-360 um tracks.

The spectrum of track lengths presented in fig.lb allows
one to advance the hypothesis that the nuclei of superheavy
elements with Z 2110 may be present in cosmic rays.

In fact, the group of 190-220 pym tracks is evidently due
to the U nuclei. The minimum located in the region of the
160-180 pm tracks can be explained as being due to small life-
times of atomic nuclei with 83< Z < 90. The increase in the
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Fig.2. a) Photograph of the annealed olivine crystal
bombarded with a laser beam. b) Photograph of the an-
nealed olivine crystal bombarded with SONi Zons through
a system of slits.

number of 120~150 ym tracks agrees with the relatively high
abundance of the Pt-Pb group. The abundance of the nuclei res-
ponsible for the 190-220 ym tracks is equal to 1-2x10~7 rela-—
tive to the iron abundance. This result for the same nuclear
energy range agrees with the Th-U abundance in cosmic rays,
obtained in experiments using track and electronic detectors
placed in balloons and satellites 137
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The anomalous tracks 310-360 ym long form a group far from
the Th-U group. In the track spectrum such a group corresponds
to nuclei with Z = 110-114718/ The absence of 260-310 um tracks
in the spectrun can naturally be explained by the short life-
times of the 96< Z < 110 nuclei.

The assumption that the group of 310-360 um tracks corres-
ponds to the Z> 110 nuclei is confirmed by our data on a digqa/
ference in the etching rate for different parts of the tracks’,
as well as by the coincidence of the directions of the 310-

360 um tracks with the maximum of the angular distribution of
the tracks due to the Z2 50 nuclei in the same crystals.

Thus the data presented in fig.lb permit an estimate of
the abundance of the SHE nuclei in cosmic rays, which is equal
to the (3-10)x10"3th fraction of the Th-U group abundance,
i.e., a factor of 10%-10% higher than the limit of the SHE
concentration in Solar system matter obtained in studying the
spontaneous fission activity of stony meteorites such as Al-
lende and others/17{This difference may have two natural expla-
nations: the difference in the Solar system age equal to
4.6x109 years and the cosmic ray age of about 107 years, and
the uniqueness of the nucleosynthesis event in the Solar system
and the continuity of this process in the universe.

The proposed SHE abundance is in agreement with optimistic

- estimates for nucleosynthesis occurring in the r -process.

According to some predictions/18/ the SHE concentration in cos-
mic rays amounts to the 10~! =3x10~% th fraction of the Th-U
abundance. The latest estimates taking into account the I —pro-
cess cut—-off due to delayed fission predict either a factor of
10-500 decrease in the SHE nuclei yield”'9:20/or the absolute
forbiddenness for SHE synthesis’?1/ Discrepancies in the ob-
tained estimates indicate that the experimental solution of

the problem of SHE existence and abundance is rather important
for understanding the nucleosynthesis process.

Positive evidence for the assignment of the observed tracks
to the SHE nuclei would be provided by the observation of spon-
taneous fission fragment tracks at the end of these nuclei
ranges. It is rather likely that during the average age of
nuclear tracks in Marjalahti meteorite equal to about 108 years
the SHE nuclei which had stopped in olivine might have under-
gone spontaneous fission. Because of the threshold proper-
ties of olivine the SHE nucleus had stopped at a distance of
about 10 yum from the end of the etchable track. Model experi-
ments demonstrate that the annealing technique used in our
experiments is capable of increasing this distance to about
25 pm and, at the same time, of decreasing from ~18 pm to
12-15 pm the length of tracks due to spontaneous fission frag-
ments. At present work is in progress to develop the technigue
of revealing the tracks of fission fragments by using the ther-
mal-neutron induced fission of the ?3%U nuclei. 5



Naturally, to detect SHE spontaneous fission it is necessary
" to increase the number of tracks. A considerably larger number
of tracks should be obtained in the 310 um ~ 360 um group, this
requiring a higher rate of scanning and measuring. One of the
possibilities is shown in fig.2b. It involves the bombardment
of the crystals with Z > 30 ions through a multi-slit colli-
mator. As a result of such a bombardment, the efficiency of
revealing tracks becomes higher, and crystal scanning easier,
thus providing conditions required for the automatisation of
track measurements.

In conclusion the authors express their deep gratitude to
G.M.Ter-Akopian and Yu.Ts.Oganessian for useful advice and va-
luable discussions, to P.Armbruster, R.Spohr, R.Brandt and
P.Vater for the possibility of calibrating the olivine crystals
with heavy ions and for fruitful discussions.
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