
I 

-·---
D-/.f 

OB'bELlHHEHHblti 
HHCTHTYT 
SILlEPHbiX 

HCCnELJ.OBAHH_t::{ 

Lly6aa. · 

oYOCO 

Plufl U; I J~l) 1/ 3 5 131 ;V ·t, I' 5 s:l-b59 
s(v,,--~ 

E 15 • 5800 

M. Dakowski 

~. IMPLICATIONS OF THE HYPOTHESIS 

OF EXTINCT FISSIONING ISOTOPE 

IN THE PRIMITIVE METEORITES 



I 

I ,_,. 
I 

' 

E 15 - 5800 
J 

M. Dakowski* 

IMPLICATIONS OF THE HYPOTHESIS 

OF EXTINCT FISSIONING ISOTOPE 

IN THE PRIMITIVE METEORITES 

Submitted to "Physics Letters" 

• On leave of absence from the Institute for Nuclear Research, 
Swierk near \Varsaw, Poland. 



I - _. ____ Jlllli">-,_A 

Intention of the present paper is to draw attention of phy

sicists, dealing with SHE, ·to the fact that taking into account the 

existing astrophysical and meteoritical data one can predict some 

properties of SHE. 

1, Two Types of Fissiogenic Xe in Meteorites 

Considering the isotopic composition of xenon in meteorites 

it seems unavoidable to take into account two distinct fission-like 

( /1, 2/), .. 
spectra of heavy isotopes of xenon see, e.g. • One of them, 

the so-called 11 Pasamonte type" (present mainly, but not exclusively, 

in the Ca-rich achondrites) was recently proved, with excellent 

conformity, to have the 244 Pu origin 131. The fission-type xenon 

in carbonaceous chondrites ( cc) and unequilibrated ordinary 

chondrites (UOC) differs from the 11Pasamonte type 11 Xe • The 

amount of CC xenon is much greater than that of fissiogenic xenon in 

achondrites, It has adifferent spectrum and does not correlate 

with U and Th , but with volatile elements (e.g. Xe , In, 
/4/)··· Hg · • Therefore, these Xe anomalies have to be ascribed to 

quite different sources. 
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Although this effect might be accounted for by other 

mechanisms (Manuel and Kuroda /
5

/ try to explain it by the mass 

fractionation), it can also be interpreted as an evidence for 

spontaneous fission of SHE /
4

•
6

/. These elements are the only 

candidates among the long-lived fissioning elements (both known, 

i.e. actinide, or predicted) to be the progenitor of this X e.· 

Basing on the similarity of fission Xe spectra for different 

chondrites (having different history and mineralogical composition) 

and on the correlation between fission xenon ( 
1 

Xe ) and 

fission krypton /
7

/ one can assume as a progenitor of these 

anomalies a single fissioning isotope or isotopes with equal 

half-lives. This second possibility seems"to be less probable. 

If the above assumption does not work, the noble gas anomalies 

would be different for chondrites with even small differences in 

the times of beginning of gas retention, because of the yield 

differences of Xe and Kr for different fissioning isotopes. 

The weighted average of the CC spectrum from the available 
/8 9 10 1/ . . 

results ' ' ' lS shown tn Table 1. 

...... 
2, Estimation of the Half-Life of SHE 

Isotope in Primitive Chondrites 

As it was pointed out in ref. /
6

/, tl·,: overall probability of 

fission for SHE is close to 1 as compared with "' 6 x 10-7 for 
238 

U fission and 1,26 x 10-
3 

for 
244 

Pu fission (using T t/2 = 

=(8.27 .±.. 0,10) x 10 
7 

y on the basis of / 110. For the maximum 

amount of 
1 ~ 6 

Xe in CC 

Heymann /
4

/ obtained the 

( 
136x 123su -s.. 
1 e "' 6 x 10 ) Anders and 

-4 ratio of( SHE/ U )
0

"' 6 x 10 at the 

beginning of Xe retention, They deduced the minimum h:tlf-life 

of this isotope equal to 2.1 x 106 y. 
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Let us concentrate now on the maximum half-life 

isotope. At first let us assume that it has a half -life 

or higher than 2 44 Pu , but not highe r than ,4 x 10 
9 

y 

pointed out in /
2

/ and / 4 /, 1 ~ 6 Xe in chondrites corr 

primordial 132 Xe • From fig. 1 in /
4

/ follows that 

1.5% The primordial 132 Xe is ~3 times m 

than primordial 13 6 Xe , so we can estimate 13
1
6 Xe 

"' 5:0 • To extrapolate this correlation for achondrit 

necessary to assume small chemical fractionation betw 

parent nuclide of fission Xe and primordial Xe 

bulk of achondritic material. This assumption is substc 

the In amount in the Ca -rich eucrites /
12

/ which < 

with 132 Xe in the same fashion as it does for cho 

fig. 3 of /
4

/ (0,24 and 1.6 ppb of In /
12

/ compared wit 

3.1 x 10-
11

·cm
3 

CTP/g of 132Xe /
3 1/ for Stannern and Juvir 

tively). 

So on the basis of the assumption of a long hal 

SHE one would expect "CC type" fission spectrum in 

in the same proportion (5o/o of primordial 
186 

Xe ) mixl 

fission Xe • The share of this hypothetical CC fissi• 

be highest for Pasamonte as this meteorite has the hi 

of primordial to fission Xe as compared with St.-SevE 

te /
16

/ and Kapoeta extra dark /
17

/. The amounts of ' 
186 /14 15/ 

Xe for two Pasamonte samples ' allow to est 

average amount of hypothetical "long-lived SHE" 
1 ~ 6 Xe 

13 o/o of all the 
186 Xe in these samples. In Table 1 (at 

/3/) achondrite fission Xe spectra from diff: 

rites are compared with the 244 Pu spectrum / 3 / and v 

spectrum obtained using the above-mentioned prescrip 
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Let us concentrate now on the maximum half-life for this 

isotope. At first let us assume that it has a half -life comparable 

or higher than 244 Pu , but not higher than"'4 x 10
9 

y. As it was 

pointed out in / 2/ and / 4 /, 1 ~ 6 Xe in chondrites correlates with 

primordial 132 Xe • From fig. 1 in /
4

/ follows that 
13

1
6 Xe /

132
Xe '> 

1.5% The primordial 132 Xe is "'3 times more abundant 

than primordial 136 Xe , so we can estimate 
13

1
6 

Xe I 
18

1 

6
Xe pr m. 

~ 5 cc • To extrapolate this correlation for achondrites it is 

necessary to assume small chemical fractionation between the 

parent nuclide of fission Xe and primordial Xe in the 

bulk of achondritic material. This assumption is substantiated by 

the In amount in the Ca -rich eucrites /
12

/ which correlates 

with 132 Xe in the same fashion as it does for chondrites, see 

fig. 3 of / 4 / (0.24 and 1,6 ppb of In /
12

/ compared with 17 and 

3,1 x 10-11·cm3 CTP/g of 132Xe /3 1/ for Stannern P.nd Juvi1'1.9-s, respec-

tively). 

So on the basis of the assumption of a long half-life for 

SHE one would expect "CC type" fission spectrum in achondrites 

in the same proportion (5o/o of primordial 
186 Xe ) mixed with 

244
Pu 

fission Xe • The share of this hypothetical CC fission would 

be highest for Pasamonte as this meteorite has the highest ratio 

of primordial to fission Xe as compared with St,-Severin whitlocki

te /16/ and Kapoeta extra dark /
17

/. The amounts of primordial 
186 /14 15/ 

Xe for two Pasamonte samples ' allow to estimate the 

average amount of hypothetical "long-lived SHE" 
1

~ 6 Xe to be 

ol 1a6x • ( /17/ 13 yo of all the e 1n these samples. In Table 1 after and 

/3/) achondrite fission Xe spectra from different meteo

spectrum / 3 / and with the mixed rites are compared with the 2 44 Pu 

spectrum obtained using the above-mentioned prescription. The 
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weighted average of the Pasamonte type spectra is included for 

comparison, One can see that all the Pasamonte-type values for 

1 ~2 Xe and 1 ~ 4 Xe are higher than the corresponding mixed 

values, The agreement between different meteorite spectra seems 

to be better than that expected on the basis of the errors quoted, From 

Table I one can easily see that 182 Xe isotope is the most 

sensitive to the admixture of the hypothetical CC Xe 

of its fission yield for 
244 

Pu (see Table 1) with the 

Compariso>t 

average 

value of it for Pasamonte-type spectrum and with the corresponding 

value for mixed spectrum shows that the pr:.>bability of the pt·esence 

of the CC Xe admixture is rather small. 

The nondetectability of CC fission Xe in achondrites 

allows to estimate its maximum half-life to be shorter than that for 

244 Pu • It gives the upper limit of SHE half-life of "' 6 x 10 
7 

y. 

3, Do SHE Isotope Living Longer than 

"CC SHE" Exist? 

By the same token the existence of a second isotope of 

S;;-E with the half-life of 6 x 10 
7 < T 1; 2 < 4 x 10 

9 
y is 

excluded as it would be detectable in different classes of meteo

rites and/or in the old terrestrial and lunar minerals (assuming 

production rate to be similar to "CC SHE" production rate). 

Let us consider the third possible range of SHE half-life 

T 1; 2 ~ 4 x 10 
9 

y • Such an isotope could be undetectable in the 

analysis of Xe in meteorites as only a fraction of it would decay, 

Assuming again its production rate in nucleosynthesis ( p e ) 
is of the order of magnitude of the production rate of "CC SHE" 

( pee ) one can estimate the amount of this hypothetical long-

lived SHE (at the end of nucleosynthesis and, as it does not decay 

considerably, in the present days) on the basis of the formula: 

6 
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q 
j 
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where 

and Te , T 

Thus 

SHE e 
SHE 

ee 

P· e 
pee' 

T ( 
-t/To 

{ I - e L ) 

~~--t/T e-;;)--
ee 

is the duration time of nucleosynthesis ( t 

ee are the corresponding life-times of both 

SHE f 4xl0 9 

"' 70 . 
Te 

> "' 
SHE T 6xl07 

ee ee 

So the amount of such SHE P. as compared with U w 

·> 4 x 10-
2

• Estimating the U abundance in the prir 
- -8 I 

to be not lower than the order of 10 g g, the abundc: 

SHE e had to be higher than 10-
10 gfg, even without ta 

account the chemical enrichment in old minerals. If this 
• 238 • 

has a half-hfe comparable to that of U , 1t would bE 

using track method in meteorites and in the old terrest 

For the ratio of fission to all the decays close to 1 a1 

abudance estimated above, the SHE tracks would domil 

tracks by the orders of magnitude, which is not the ca 

last years even longer living isotope present in such < 

would be detectable in many laboratories by different rc 

us look at some of the recent results. 

Price et al, /
18

/ report for the fission of old mine 

apparent half-life relative to the principal component of 

'1' 1; 2 ;;; 3 x 10
23 

y. On the assumption that the half-life 
9 -15 

is 10 y, the upper. limit for SHE would be 3 x 10 
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SHE r t_:L_ T ((I _ e -t I Tf ) 

p co. T · (l - e --t/T c-;;)--
cc 

SHE 
co 

where is the duration time of nucleosynthesis ( t "' 10 
10 

y) 

and Tr , T co are the corresponding life-times of both isotopes, 

Thus 

SUEr 4xl0 9 

"'70 
Tr 

·> .. 
SHE T 6xl0 7 

co co 

So the amount of such SHE r as compared with U would be 

'> 4 x 10-
2

• Estimating the U abundance in the primitive matter 
- -8 I 

to be not lower than the order of 10 g g, the abundance of 

SHE f had to be higher than 10-
10 

gfg, even without taking into 

account the chemical enrichment in old minerals., If this isotope 

has a half-life comparable to that of 
238

U , it would be detectable 

using track method in meteorites and in the old terrestrial minerals., 

For the ratio of fission to all the decays close to 1 and the 

abudance estimated above, the SHE tracks would dominate the U 

tracks by the orders of magnitude, which is not the case, In the 

last years even longer living isotope present in such an amount 

would be detectable in many laboratories by different methods, Let 

us look at some of the recent results, 

Price et al, /
18

/ report for the fission of old minerals an 

apparent half-life relative to the principal component of the samples 

'1' 1; 2 ·~ 3 x 10
23 

y, On the assumption that the half-life of SHE 
9 -15 

is 10 y, the upper. limit for SHE would be 3 x 10 g/g. 
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. /19/ /20/ .. 
Che1fetz et al. and Flerov et al. report the apparent half-life 

·;;; 1023 
y for different minerals of volatile elements (using large fission 

neutron detectors and assuming for the fission of SHE the average number 

of neutrons;::;: 4 !- 5). These results are again incompatible \vith 

our estimation of the production rate for SHE. The alternative 
- /21/ explanation of Dubna results for SHE would be 11 ;, 1,5 • 

. /22/ . 
Shukolyukov et al. report no detectable admixture of non-

uranium fission Xe 

et al./
23

/ using the 

in the old minerals, At last, Stephan 

the mass-separation and neutron activation in 
\ 

mass range of 290-310, obtained directly the amount of SHE in 
-12 -13 I 

their minerals to be lower than 10 "';, 10 g g, All these 

works were carried out on the minerals with a possible high 

enrichment in SHE • 

4, Conclusions 

Summarizing all these considerations one can state, using 

the estimated (on the basis of CC fission) production rate of SHE 

in the continuous galactic nucleosynthesis, that the most long-lived 

isotope of SHE is that manifesting itself in primitive chondrites. 

..... It remains to be demonstrated that the CC fission-like spectrum 

is actually caused by fission.. To substantiate this proposition 

the track method would be decisive. It is a pity that as yet the 

only two papers devoted to the superhE· tvy fission track search 

in meteorites have reported results on highly differentiated 

material which, on the basis of Xe considerations /
4

•
6

/ should 

not contain the SHE fission tracks. Price and Fleischer /
24

/ proved 

the nonexistence of SHE tracks in silicate inclusions of iron 

. Bh d ' f25f ' meteontes, and the recent work by an an · et al. claims to 

find the SHE tracks in achondrites. 

8 

It follows from the above arguments that minerals 

a low temperature fraction of primitive chondrites (matrb 

older in the sence of the gas retention than Ca-rich ac 

The Rb- Sr age determinations of CC (/26/ using the 1 

yield value (4,69 .:!:. 0,14) x 10
9 

y as compared with (4 

x 10 
9 

y for Ca-rich achondrites / 28/. The errors qu 

to be the maximal ones, so this difference can be signl 

would be consistent with measurable amounts of radioge 

in chondrites as compared with small, if at all detectabl 

of this 
129 

Xe in Ca-rich achondrites / 29/. 

For substantiating this conclusion one needs the 

. d t . t· 1 · 129 I X prec1se e ermtna 1on of re ahve - e ages of matrbl 

rison with the ages measured for the high temperature 

(ref, /
30

/). Measurement of the internal isochrons using 

method for the matrix of different UOC would be of grea 

settling this problem. 
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a low temperature fraction of primitive chondrites (matrix) are 
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26
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yield value (4,69 .:!:.. 0,14) x 10
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28

/, The errors quoted seem 

to be the maximal ones, so this difference can be significant, It 

would be consistent with measurable amounts of radiogenic 
129 Xe 

in chondrites as compared with small, if at all detectable, amounts 

of this 129 Xe in Ca-rich achondrites /
29
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Table 1, 

Comparison or· J.ifr'erent f'is·, ion yields of Xe. 
1/ 

\ ~0Ae nor~a~ised to 100). 

fission yield 
S··mple(-s) l{eferences 

131xe 132xe 

average of CC s.-'ectra /1 ,8,9,10/ 17 :t 7 31 :t 5 

1j4Xe 

·~9 :t 3 

244 
Pu /3/ 24.o;t 2.2 87.0:t 3.1 92.1~ 2.7 

Pas,Jmonte /13/ from 33 :t 3 93 .:t 8 91 :t 2.5 
data Clf/14/ 

Pasamontc /15/ 25 :t 3 88.5 :t 3 94 :t 5 

whitlockite from /16/ 31 + 8 97 .:t 8 9:.. + 1 
:::>t,Severin 

Kapoeta extra dark /17/ 26 :t 3 88 .:t 4 91 :t 5 

averae;e of Pasamonte-type /13,15 1 16 1 17/ 28.1 ;t1.7 89.3:t 2.2 92.'/:t O,';J 
spectra 

CC(13%) + 244Pu(87%) 

spectrum 

this work 
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24 ~ 4 SU,):t 3.3 f3'),4 :t 3 


