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In track detectors registration of elementary parti cles is accompanied by the
emergence of observable traces (tracks) repeatingt  he trajectory of an
elementary particle. These are bubble and spark cha  mbers, nuclear
emulsions, silver chloride crystals and etchable so lid state track detectors
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The popularity and long life of the track detection techniqu e are not by chance

and are due to a range of detectors’ merits: unique spatial resolution,
obviousness of the reconstructed spatial pattern of partic les' interaction, relative
simplicity and low cost, capability of accumulating inform ation over long periods
of time and other advantages.




Great meaning of track detectors
for nuclear physics. |

Nobel prizes:

1903 — H. Becquerel , natural radioactivity .

1927 — C.T.R. Wilson, Wilson cloud chamber

1936 — V.Hess, photolayers, discovery of cosmic rays

1950 — C. F. Powell, for the development of the phot  ographic method of
studying nuclear processes and the discovery of mes ons;

1960 — D. A. Glaser, for the invention and improveme  nt of the bubble
chamber;

1968 — L. Alvarez for the discovery of a large numbe r of resonance states,
made possible through the use of hydrogen bubble ch ambers;

1992 — G. Charpak, for the multiwire proportional ch  amber.
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Chinese and Soviet scientists send an
experimental balloon skyward yesterday
after a year's preparation. A Soviet expert is
filling the balloon with hydrogen at a station
in Hebei Province. The balloon will fly over
33 kilometres high out of China from Kashi

in the Northwest and is scheduled to be
retrieved near the Caspian Sea in the Soviet
Union, covering 5,000 kilometres in three
days.

China Daily photo by Wu Zhiyi
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The target diagrams
of experimental
events

(experimental — top
fig., calculation —
bottom)
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In 1869 r. — 63 elements, in 2012 - 118

(238) (239) (239) (243) I (247) "I {24 f? (25 1) {25?}‘ {25!1,}r {259]‘ IEEHE
92 LU 93Np 94FPu 95Am 96Cm 97 Bk 98 C 99Es |100 Fm |101 Nd |102No |103 Lr
|5f6d'Ts’ | 5Ped'Ts s5t7s" | 577" 5'8d'rs” | 5F7s" 5% 7s" 5f'7s" | [Bf°TE’ 5 7s’ 57s’ 5f'6d'7s"
1132 638 | 541 896 1340 1060 200 880 - - - -
3818 3902 3340 2607 3110 2630 1227 - - - - -
=1:2/1.2 1.22/1.2 1.2M1.2 =1.1/1.2 1.211.2 1112 1.211.2 1.3/~ 1.3M1.2 1.21.2 1.3/~ 1.3/-
IJranIum MNeptunlum | Plutonlum | Amerlclum Curium  Berkellum| Califermium | Elnsteinfum Fermium | Mendelevium | Nobelium | Lawrencium
| HenTyuuia | MnyTodld | AMepuiiii | Kiopian Bepunvi| KanwhopHwi | JRHIUTERHKA @eapMuin | Mewpaneswd | Hobenwia | MNMoypeHcwi
fz {EEE [263} [ZE-II} -' [EBE] | {ZBE] {EEH}_ } {2??]. {289)
104 RT (105 Db 10659 107Bh 108 Hs 109 Mt(110 Uun’111 Uuu|112 Uub 113 Unt 114Uuq
56d°7s" BM'6d'7s"|  Bf'6d'7s’|  BUGA7SY|  SM6d7s'|  BfGd7sY  BM6d78T | sr6d7s | Brieat7s® | 5M6d"TsTp! | 5P6d"TS TR
Rutherfordium | Dubnium | Seaborgium | Bohrlum  Hasslum = Meitnerdum | Ununnilium |Unununium| Ununbium | Upnuntrum (Ununquadiun
Peacpdopawh AyGHHA | CuBoprui EBopWi XaccHid  MeATHEPHA | YHYHHMUNWA | YHYHYHWA| YHYHOWA | Yuyurpuin | YHYHKBagMI

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 elementsin theworld

growed from billion part of gramme up to
many kilograms, even tonnes.




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
Ivestigation of 1 cubic centimetre olivine from meteorites is equal results
of space experiment with 1 tonne of emulsion during 1 year.

First investigation of very heavy nuclei (Z~26) were
carried out by Maurette et al. (1964)

More heavy:. Fleischer et al. (1967)
The most detailed — Perelygin V. et al.(1975-2003, Dubna)



(Finland , 1902 r.).

1. Marjalahty
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L.L.Kashkarov died September 27, 2013.



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

Domingo et al. (1995), Westphal et al. (1998), Donelli et al. (1999)
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The most detailed — Perelygin V. et al.
= — (1985)

0_1"90 110 Z




Prof. V.L.Ginzburg (Nobel
prize of 2003) considered
problem of superheavy
nucleil 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.
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Starting 2005 the investigations of galactic cosmic
nuclel are carried out at Lebedev Physical Institu

ray
te of
RAS.

Doklady Physics, Vol. 50, No. 6, 2005, pp. 283-285. Translated from Doklady Akademii Nauk, Vol. 402, No. 4, 2005, pp. 472-474.
Original Russian Text Copyright © 2005 by Ginzburg, Feinberg, Polukhina, Starkov, Tsarev.

PHYSICS

Problems and Horizons of the Search for Tracks
of Heavy and Superheavy Nuclei in Olivine Crystals
from Meteorites (OLIMPIYA Project)

Academician V. L. Ginzburg, Academician E. L. Feinberg, N. G. Polukhina,
N. I. Starkov, and V. A. Tsarev

Received February 1, 2005

In this paper, we consider the nuclear-physical and
astrophysical aspects of investigations associated with
the search for heavy and superheavy nuclei in the com-
position of cosmic rays. We also discuss the potentiality
of searching for tracks of these nuclei in the olivine
crystals found in meteorites with the use of the com-
pletely automated PAVICOM setup, which was
designed for the scanning and processing of tracks of
particles.

o

tinue to hold for very large values of N and Z, the exist-
ence of stability islands for even heavier nucler must
not be ruled out.

Verification of the existence of unusual stable forms
of nuclear matter containing, for example, strange [4]
or other even heavier quarks [5] would also be of obvi-
ous Interest.

2. The measurement of fluxes and of the spectra of
heavy and superheavy nuclei composing cosmic rays is
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Few crystals mounted in epoxy tablet for investigat lon
on microscope.




The curves illustrate the method of the full etching track length

determination in olivine for a number of nuclei

from up to
56 23
%€ o2U

SRIM2006: ions in olivine (Mg, _ Fe, ,,SiO,)
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The scheme of etching track formation in olivine
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The method of stepwise cut and etching is used

deltaZ3

The thickness of cut layer is d = 30 — 100 ym



The charge identification method

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.

=> |t is necessary to have calibration experiments
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Xe nuclei tracks ( E=11,4 MeV/n)

s o NGRS
qm . PREDEAL

Size field of view ~ 500 x700 microns

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

Length of tracks 57 *6 mkm (by the calculation ~ 65 MKm)

Etch rate (E=11.4 MeV/nucl) = 10-14 micron/hour
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- Darmschtadt,
GSI, 2009,
Au, 11.4 MeV/n

TRACKS LENGTH DISTRIBUTION
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Experiment: (69 + 6 ) microns

N~

The Number of events
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Etch rate 16 micron/hour
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150 MaB/H
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Measured V TR values at the certain residual range (RR) of accele rated Kr, Xe
and U ions and Fe nuclei in olivine crystals from t he Marjalahti pallasite.
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Superheavy nuclei

Be5|des the distributions of galactic nuclel
we observed three events having very large
charges (our estimations are Z>105).

Their lengths are large (700-900 um) but
their minimal etching rates are more then
35 ym/h.

It Is very large as compared with the uranium
maximum etching rate (25 ym/h).
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The total track length in olivine is ~550 ym. The etching time is 8 hours.

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

=> The minimum etching rate is about 35 pm/h. solution

solution / ~350°

365 um

185 um

Epoxy Olivine Epoxy



The extrapolation of the residual range dependence
i Z(RR,V,,,) to superheavy nuclei.

150 -
140 -
130

1204
105<Z<130 | 1101

1004 U
90 -

70 -
60 - Xe
50 -
40 -
30 -
20 r+ r . It r T1 r 1T ' 1 ' 71T 7 — 1

0 5 10 15 20 o 0 35 40

Etch rate(RR=50), mcm/h




i :
50

g 45 -

40 -
35

0), microns/hour
w
(@]
|

(z RR=
o
]

Vetch
—
(@)

'

I I
20 40 60 80 100 120 140

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.



Thesuperheavy nucIe| In oIrvrne crystals evrdently I|ved Iong enough to

fly from'the place of their origin to the theteorite - . . At present, itis = = G

. - believed that the main source of the nuclear compon _ent of GCRs are
supernovae, in whrchthe nucler Ofsuperheavy and t. ransuranlum :
eIements are generated and accelerated e

To reach the so‘Iar system and for.m the tracks reg'is_, _ tered inour o o
meteorites, the average lifetime of thesenuclei mu . st be equal 16 at
least the time: of their progagatlon from the source . to‘our solar:

system S asterord belt.

In estlmatlng the lifetime of superheavy nucle, we - must consrder that
_(a) In order to form tracks in plivine’ crystal then ucIe| must have an |nput
2 energy In the meteorite of several grgaelectron val  ts per nucleon, and :
_(b) supernovae in our Galaxy can occur at drstances of ~1-8 kiloparsecs" _*' |
from the soIar system G o

"A rough estimate of the m1nimum lifetime of - such’ G.QR ﬁuclei'thus' yields
“a value @3000 to 25000 years. St G S NE TR N ¥

i =t gl m b
L= — e 1
.




Conclusions.

1. We derived the charge distribution more then of 7000
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 islan d
elements.
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