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The time delay 6t belween the nuclcosynthesis of
the elements observed in the cosmic rays and the
onset of their acceleration is of critical importance
for the discussion of the origin of the cosmic
radiation and will af{ect its composition, We invoke
the Fe, Co and Ni isotopes to illustrate this point,

The presence of iron group nmuclei in the galaxy .
is believed to be mainly due 1o explosive nucleo-
synthesis. This process does not producc jron
direcily, but the proton rich progenitors SONi and
Ni, If these isolopés survive the cjection from
the exploding star they decay g their stable isobar,
5Tns decays quickly to 57¢co, 50Ns and 57Co can
only decay lo 56Fe and S7Ni via' electron capture
with a hald life of 6.1 days and 270 days respectlive-
ly. I{'the cosmic rays are accelerated to relativistic
energies quickly after’ their synthesis, these decay
modes arc prevented, leading to large differcnces

" in the Niffe and Co/Fe ratio in the cosmic rays

and the- solar sysiem abundances. From existing
data on the niclkkel, cobalt and iron abundances in
fhe cosmic rays we conclude that more than a

few wecks and most liKely more than a year clapses
between the synthesis of the cosmic ray nuclei and
{heix acceleration. l
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Origin of F¢, Cn_and Ni, The more abundant isotopes of iron and

nickel are supposcd o be created in the explosive burning of a single

dense shell of low neuiron excess 1
M zone tin ows oul pure Ni since

56, 57

(Baincbach et al. 1974). This low
Fe are preferentially synthetised

as ° » 9 Ni and explosively cjecledBecause of their common origin we
may cxpect that the subsequent dynamical lustory of {hese nuclei is

the same. During the expansion the compos:tmn of the cjecta changes
due to nuclear decay of unstable species,

Fig. 1 shows the evolution of the composition of the ejecta, The

lifetimes of unstable nuclei have been estimated to be close to their
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lifetimes in the laboratory, i LM B RS L R
on the basis of an idealized Wl - . q
model of expansion (Cassé . ;
and Soutoul, 1975). ] Vi o i gl

Pure clectron capture 5 aLM _ — ]
nuclei could be stabilized by 2 Em : T
a violent accecleration to L . . -]
cosmic ray cnergics, I 5 b . :
cosmic rays are accelerated b ol WA A
in the expanding envelope e 1 10 W w0 B¢ nt
the primordial composition, T - WHE AFTER BXPLOSION (DAYS)
of ¥e-peak nuclei must Fig. 1. Evolution of the nuclear
depend critically on the ) composition as a function of time

time 6 clapscd betwecen .

their genesis and their acccleration (Recves, 1973, 1974), Possible
sclective accelération cffects (Cassé and Goret, 1975) [(Kristiansson, 1974)
do not affect the triad Fe-Co-Ni since those clements have o -

about the same {irst ionization potential, similar ionization cross

scction by elecirons and little difference in the nuclear charge.

In this paper, we predict the composition of the arriving cosmic
rays for different 8 and compare with the observalions.
‘2. Predictions. Fig. 2 shows the abundances of Fe, Co and Ni
in cosmic rays as a function, of, . -
the time delay between the '
oxplosion, and the cosmic ray
acceleration, The composit-
ion of the cosmic rays at the
sourte, is assumed {o be
the same as the composif=
ion of the cjecta at the
time of the acceleration,
and the cosmic rays are . :
propapated through 6.3 g/cm?® "0 r— 1'0 ! 3160' '.“!,3' "3,!04 105
of interstollar medium. It TIME DETWEEN CREATION AND ACCELERATION {DAYS)
is assumed that the path- . e
lengths arc cxponentially C
distributed, and we take
the cross section for
producing cobalt out of
nickel to b¢ 57 mb,
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RELATIVE ABUNDANCE .

Fig.2. Elemental abundances in the
arriving cosmic radiation .

The origin of -5900 is still debated (Hainebach ot al, 1974). In
fg’ .1 we agsume that 3/Co is created directly, If %9Co is created as
Ni (Woosley, Arnctt and Clayton, 1973), the ”’Co abundance on fig. 1
"would be zero, and the abundance of Co in the arr‘ivin‘pt cosmic rays
would be as shown by the dashed line in fig. 2, since “INi cannol decay

- 25 .
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in the relativistic cosmic rays. However if the acccleration of the

cosmic rays takes place more than 8, 104 yecars after explosion,
Ni will have deccayed at the source, andiberewould still be about
0,25 percent abundance of 59Co in the iron group.

3. - Obscrvntions. The abundances of iron, cobalt and nickel have
been measured in a balloonborne instrument (Juliusson and Meyer, 1975).
Fig. 3 shows a matrix of the responses

obtained in two counters in that 1 -

instrument. Cobaltl is not fully
scparated {rom the iron and nickel
peaks, and the charge overlap'from
.iron and nickel is the dominating
source of error. At the lower
-energics where the resolution is

. best this charge overlap error

is however not much larger

. than the statistical error. The

result obtained is 7 T

Co/Fec = 0,007 ¥ 0.005 ang

Ni/Fe = 0.046 ¥ 0.006. These .

measurements are made at 6.0 g/ em? T R
‘in the’ atmosphere, and corrcspond . —— . T e .

o an average cnergy of about

1.2 GeV/nucleon at the top of the
atmosphere. We have calculated the
atmospheric corrections for Co/Fe
and Ni/Fe to be - 0.00% and + 0, 001 respectively, The corrected
resulls are thus 3 Co/l“c = 0 005 ¥ 0,005 and Ni/Fe = 0, 047 ¥ 0,006,

< Fig. 3., Bidimensional represent-
ation of the responscs of the
instrument,

Iara(‘l et al. (1973) have measured the abundanccs of Co and Ni
with a very large instrument, Again the cobalt is no!' fully separable
from iron and nickel, and the charge overlap error is the main source
of error for the cobalt abundanccs. Their preliminary results are
(Isratl, 1975), Co/Fe = 0.014 ¥ 0,004, or posaibly lower, and Ni/Fe
= 0,050 - 0,004, These values are we believe not .corrected for
atmosphere, making' the- fihal value Ior Co/Fe = 0,012 % 0.004.

Arens et al, (1975) have reported results for Co/l"e = 0,008 T 0,002
and Ni/Fe = 0.042 T 0,007, These valucs arc in excellent agreement
with the other results , We feel however that they may have under-
estimated the error on the cobalt abundances. The much larger errox
on the Ni/lPc ratio suggests that an erroxr is ineluded due to possible

misassignment of charge. This charge overlap error would be as
large for cobalt’ as for nickel,
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All the results agree that the Ni abundances are about 5% of
-the iron abundances, showing an acceleration delay of at_least a few
weeks. - They also all give Co/Fe values consistent with ®/Co having
decayed i. e, time delay of more than a few ycars, Although cobalt
“is a difficult element to measure, and the error on its abundance is
thereforce large one must consider that these threc results combined
are ihconsistent with an acceleration time delay of less than 1 year.
4, Conclusion, Assuming that cosmic rays are created with the
bulk of the matlier, the eclemental Fe, Co and Ni abundances scems
inconsistent with an acceleration time dclay_ of less than one year,
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