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Spectrometric studies have been made of the beta and gamma radiations from calcium 47 (5.35 day) and
its radioactive daughter scandium 47 (3.4 day). Using conversion and photoelectrons and the scintillation
spectrometer, gamma rays of energy 149.5, 234, 495, 800, and 1303 kev are found in scandium following
beta emission from the calcium. The beta spectrum is complex with energies of 0.46 and 1.4 Mev.

Scandium 47 decays with a single allowed beta transition with upper energy limit of 0.643-0.03 Mev
and a single gamma ray of 159.5 kev. A satisfactory level scheme is proposed for the decay and checked in

some of its details by coincidence observations.

HE irradiation of normal calcium by neutrons and
by deuterons was found! to yield a beta-emitting
activity of half-life 5.8 days. This was attributed to the
isotope of mass 47 although calcium 46 from which it
would be derived exists with a natural abundance of
only 0.0033 percent. Subsequent studies have substanti-
ated the assignment and have shown that a previously
observed? activity, scandium 47, which decays by beta
emission to titanium 47, with a half-life of 3.4 days,
exists? as a daughter product in the decay.

From its absorption in aluminum the beta energy of
the calcium 47 has been reported® as 1.1 or 1.2 Mev and
that from scandium 47 as 0.61 Mev. A single gamma
ray, whose energy appeared by absorption in lead to
be 1.3 Mev, has been reported to exist in scandium 47
following the first beta emission.

In the present investigation samples of calcium en-
riched 3000-fold in mass 46, up to 9.45 percent, were
irradiated for two weeks in the Argonne heavy water
pile. The scandium daughter product was chemically
separated from the irradiated specimens and spectro-
metric studies made of each activity. The gamma
energies have been evaluated both by a scintillation
crystal spectrometer and more accurately by observing
both conversion and photoelectrons in photographic
magnetic spectrometers. The beta radiations have been
observed in a double-focusing magnetic spectrometer.
The half-life of the calcium 47 activity is found to be
5.3540.10 days and that of the separated scandium 47
is 3.4040.05 days.

The composite beta spectrum resolves into four com-
ponents as shown in Fig. 1. These beta transitions have
upper energy limits of 0.464-0.02, 0.64-£0.03, and 1.4
=#+0.10 Mev. The low-energy component at 26020 kev
is probably due to long-lived calcium 45. The 0.64-Mev
beta ray is associated with the decay of the 3.4-day
daughter product, scandium 47. The branching ratio
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for the 0.46- and 1.4-Mev transitions is about 60 to 40
percent, and their log ft values are 5.7 and 7.7, respec-
tively. The logft for the 0.64-Mev radiation is 5.6,
thereby indicating an allowed transition.

The strongest electron conversion lines are observed
for a gamma ray of energy 159.5 kev. Both the K and L
lines are observed in the photographic spectrometer with
work functions characteristic of titanium. The K/L
ratio is large (visual estimate ~10) which at this low
Z2/W (2.7) does not discriminate as to its multi-
polarity. Single K electron conversion lines are observed
for the gamma rays of energy 149.5, 234, and 495 kev.
By using a lead radiator, photoelectrons are observed
for the gamma rays of energy 160, 495, and 1303 kev.
The scintillation spectrometer revealed the existence of
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F16.1. Resolution of the beta spectra of Ca* and Sc*.

367



368 CORK, LEBLANC,

I 0.16 MEV
N N ¥
SEC
140 o
Sc
120
100
20
go}
COMPTON |3 MEV
L U3MEV) Ty .
60}
47
SEPARATED CA
a0t
20}
[} 10 20 30 40 50 60 70 80

PuLse HEeiGHT

Fic. 2. Gamma distribution by scintillation spectrometer.

several gamma rays, some of which showed little in-
ternal conversion. Figure 2 shows the gamma-energy
distribution for the chemically separated isotopes as
revealed by the scintillation spectrometer. The sepa-
rated calcium probably contained some scandium. The
uncertainty in the energy of the lines at 495, 800, and
1300 kev may be as great as plus or minus 3 percent.
The low-energy peak near 0.15 Mev is probably largely
due to the 159.6-kev gamma radiation in the incom-
pletely separated scandium. The gamma ray at 234 kev
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lies on the edge of this peak and is so weak that it
cannot be resolved. The fact that both the 149.5- and
the 234-kev gamma rays appear by internal conversion
and not by photoelectrons indicates that although weak,
their conversion coefficients are large.

A summary of the observed gamma energies and the
methods of detection is presented in Table 1.

Using an anthracene crystal to detect beta radiations
and a Nal crystal for gamma energies, certain im-
portant coincidence data are obtained. In the separated
scandium isotope a ‘“Feather’ absorption curve for the
beta spectrum is shown singly in Curve 4, Fig. 3.
A similar trace in which only coincident counts between
the beta radiation and the gamma radiation of energy
160 kev is shown in Curve B. It is apparent that the
end point is the same in both curves, thus showing
that the 0.64-Mev beta transition does not terminate
in the ground state of Ti*. The background count is
probably due to coincidence between backscattered
Compton gamma rays and their associated electrons.
In the separated calcium the anthracene was shielded
by about 0.25 g per cm? of aluminum so as to respond
to energies greater than 600 kev. In this arrange-
ment definite coincidence counts occurred with gamma

TaBLE I. Gamma energies in Ca¥” and Sc¥’.

Observed by—A. Conversion

Gamma energy electrons. B. Photoelectrons.

kev G. Scintillation
149.5 4
159.5 (Sc) 4,B,C
234.0 A
495 4,B,C
800 C
1303 B,C




RADIOACTIVE DECAY OF Ca*’

energies around 200 kev. When unshielded so as to
respond to low-energy betas, coincidence counts were
observed with gamma energies greater than 250 kev.

It is thus possible to arrange the observed transitions
in a rather simple decay scheme which essentially
satisfies every observation, as shown in Fig. 4.

The final titanium 47 nucleus with 22 protons and
25 neutrons, from shell theory, would have five par-
ticles in the f7, level and an fr» ground state. It is,
however, possible that the five f7» particles couple to
form a 5/2 odd ground state, similar to the coupling
observed in Mn?%. In this event the first excited level
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is f7/2 and the beta transition goes to the excited state
with no change in spin or parity, since the scandium 47
is likely to have an f7/, ground state as does the similar
Sc#. Selection rules do not forbid a decay to the 5/2
odd ground state. Such a transition, however, would
not be a simple one-particle process, thus it would
probably have a much longer lifetime than the simple
f12 to fas transition. The 159.5-kev radiation is then
an M1 transition. The Ca%” nucleus is given an assign-
ment of f7/ from the shell theory. It then seems difficult
to explain the lack of a beta transition to the ground
state of Sc?7.
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An activity has been found in samples of niobium metal irradiated for long periods in the Chalk River
reactor. Extensive chemical tests showed that the activity is niobium. The activity is most likely the long-
lived ground state of Nb*. If so, its half-life is estimated as (2.224:0.5) X 10* years from its yield. It has a
0.5040.05-Mev beta and three gammas, 0.704=0.01 Mev (92 percent), 0.87+0.01 Mev (92 percent), and
1.5740.02 Mev (8 percent). The capture cross section of Nb% is 1544 barns.

I. INTRODUCTION

NUMBER of investigators have reported the
presence of a 6.6-min activity in neutron-
irradiated niobium.!'? The same activity has also been
produced by a (d,p) reaction on niobium.® This
activity has been assigned as class 4 (element and mass
number certain) to Nb%.¢* The activity has been found
to decay almost entirely by isomeric transition to a
long-lived ground state.’-® The energy of the transition
is 41.5 kev as determined from the energies of the K,
L, and M conversion electrons.” In addition, about
0.1 percent of the activity has been found to decay by
emitting a 1.3-Mev 82 and a 0.9-Mev v.°
Goldhaber and Muehlhause® set a lower limit of
>100 years for the half-life of the ground state. Hein,
Fowler, and McFarland,® who studied niobium metal
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that had been irradiated four months in the Argonne
reactor, set a minimum half-life of 5X10* years.

This laboratory has had some samples of niobium
irradiated for a long period in the Chalk River reactor
in order to look for a long-lived activity which might
be the ground state of Nb%. An activity has been found
which the authors feel is the ground state of Nb%.

II. CHEMICAL SEPARATIONS

Two samples of niobium metal were irradiated in the
Chalk River reactor at an average flux of 4—5X10%
n/cm? sec, one sample for a total nvt=1.33X10% n/cm?,
the other for a total #vi=2.5X10% #/cm?. The total nut
received was checked by cobalt flux monitors. The
niobium metal was spectrographically standardized
niobium powder. A spectrographic analysis, made by
the supplier, showed very faint lines of Mg, Cu, Fe, Si,
and Ca, and no lines of Al, Ag, B, Co, Cr, Mn, Mo, Ni,
Pb, Sn, Ta, Th, Ti, V, Zr, or Zn.

The samples were returned to the laboratory about
two months after the end of irradiation. Decay curves
and aluminum absorption curves on the irradiated metal
showed that the major beta activity was Ta'®. Scintil-
lation spectrometer scans on the metal showed the
0.76-Mev gamma of Nb% in addition to the charac-
teristic spectrum of Ta'®2. Aluminum absorption curves
made with a low-absorption counter also showed the
presence of the weak beta of Nb%.

An initial chemical purification of the niobium by



