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DISCLAIMER

This document was prepared as an account of work sponsored by the
United States Government. Neither the United States Government
nor any agency thereof, nor The Regents of the University of Califor-
nia, nor any of their employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe pri-
vately owned rights. Reference herein to any specific commercial
product, process, or service by its trade name, trademark, manufac-
turer, or otherwise, does not necessarily constitute or imply its en-
dorsement, recommendation, or favoring by the United States Gov-
ernment or any agency thereof, or The Regents of the University of
California. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States Government
or any agency thereof or The Regents of the University of California
and shall not be used for advertising or product endorsement pur-
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Second-Forbidden Electron-Capture Decay of *5Fe

I. Zlimen!, E. Browne, Y. Chan, M.T.F. da Cruz,
A. Garcia, R.-M. Larimer, K.T. Lesko, E.B. Norman,
R.G. Stokstad, and F.E. Wietfeldt

Nuclear Science Division, Lawrence Berkeley Laboratory, Berkeley, California 94720

Superimposed on the continuous inner-bremsstrahlung spectrum of *Fe, we ob-
serve a weak 7-ray line at an energy of 126.0 keV. The intensity of this line with
respect to the inner-bremsstrahlung spectrum does not change with time. We inter-
pret this y-ray line to be produced by the second-forbidden nonunique decay of >°Fe

to the first excited state of *Mn with a branching of (1.3 +0.1) X 1077%.
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%5Fe undergoes a ground-state to ground-state electron-capture (EC) decay to

Mn with a Qe = 231.7 keV and ty; = 2.73 y [1]. The energetically allowed

second-forbidden nonunique electron-capture decay to the first excited state of *Mn

(125.95 keV above the ground state) has not been observed so far {2}, in part because
of the intense background radiation due to the inner-bremsstrahlung (IB) .(3.2 x 1073
photons per 100 5°Fe disintegration) which produces a continuous spectrum up to
231.7 keV.

To carry out a detailed study of the IB spectrum of *5Fe, in which we are looking
for minute distortions from the theoretical spectrum, an 5*Fe sample was obtained
from New England Nuclear Co. The sample was made by the (n,7y) reaction on natural
iron. Because y-ray counting showed that the sample contained impurities of ¢°Co,
%¥Mn and °°Fe, we chemically purified the iron using ion-exchange techniques. The

sample was mixed with concentrated HCl and HNOj3; and then sorbed onto a column

of AG1-X8 anion-exchange resin which had been treated with 10M HCIl. Washes

with more 10M HCI removed the manganese. The cobalt fraction was then eluted
with 4M HCL. Finally, the iron fraction was eluted with water. ®°Co and **Mn in
the iron fraction were reduced to activity levels smaller than 1 nCi. The strength of
the purified %*Fe source was ~25 mCi at the beginning of the measurement. To be
able to subtract the contribution from °Fe, we made a separate source of 5°Fe by the
(n,y) reaction on a foil of natural iron.

We measured v-ray spectra with a coaxial HPGe detector (110-cm® active vol-
ume), placed inside an active shield of Nal scintillator consisting of 30 cm x 30 cm
annular detector a,nd a 7.5 cm x 15 cm plug detector. The Nal detectors acted as veto
for room background, coincident, and Compton scattered v-rays. Pileup suppression
was done with an Ortec 572 amplifier. The singles counting rate of the germanium

detector was ~8000 s~ during the course of data aquisition. Data were recorded in
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2-3 days intervals on a PC-based acquisition system. Three separated spectra were
recorded simultaneously on three separated ADC’s: 1) germanium singles, 2) germa-
nium with pileup suppression, 3) germanium with pileup suppression and Compton
suppression. The purified iron source was placed in a 1-mm thick plastic container
and an additional absorber made of Cu and Al foils was added between source and
detector to reduce the Mn x-rays from EC decays. This assembly was then placed
up against the Be window of the germanium detector. The data were taken during
an eight month period and combined into nine successive runs. The energy scale was
calibrated using background Pb x-rays and 7-ray lines from 59Fe present in the raw
spectra, and verified with standard y-ray calibration sources. A 0.1 keV overall cal-
ibration uncertainty affected v-ray energies within the range of 100-250 keV. Room
background and 3°Fe spectra were accumulated and recorded between the runs and
normalized to the peaks in the 55Fe data. Fig. 1 shows the spectrum of **Fe after
59Fe and room background subtraction.

To search for the presence of weak lines superimposed on the intense IB spectrum, -
we applied the second derivative method (3] (Fig. 2). In all nine sets of the data,
taken with all three ADC’s, we observed peaks at the energies ~126 keV and ~159
keV. The intensity of the 126-keV line was normalized to the known intensity of the
IB spectrum in the energy range from 121 to 131 keV (1.66 x 107*%). We calculated
the intensity of the IB spectrum based on the papers cited in Ref. [4] and verified
with values given in Ref. [1]. By following the decay of the 126 and 159 keV lines,
we find that the intensity of the 126 keV line does not change with respect to the
intensity of the IB spectrum. We also took data with lower amplifier gain to look for
the presence of radio-impurities and none were found. Ergo, we attribute this y-ray
to the decay of **Fe. Additional evidence for this conclusion comes from our analysis

of y-ray spectra of an older source of **Fe (~ 4 mCi), taken with different detectors



and electronic setups 2.5 years ago. Here also the intensity of the 126-keV ~5-ray
relative to that of the IB remained unchanged during the entire experiment (Table
1). The 159-keV v-ray decayed with t,/, = 113+7 days (1-0 confidence level) and
thus belongs to a »3Te (t;/, = 119.7+0.1 days [1]) activity contained in the source.
A weak 417-keV ~-ray identified in the total data set very likely belongs to 12" Te.
These tellurium impurities apparently were not completely removed by the chemical
separation and may have originated from neutron activation of tellurium contained
in the iron source.

Our deduced EC branching to the first excited state in **Mn is (1.34+0.1) x10~7%
(see Table 1), where the uncertainty accounts for changes in the detector efficiency
within a 10-keV bin at about 126 keV, and for the precision in the calculation of
IB intensities. The uncertainty in the counting statistics (0.02 x 1077%) shown in
Table 1, and the conversion coeflicient (0.018 [1}) of the 126-keV +-ray transition are
negligible. The log ft value for this EC decay is 14.2, in agreement with systematics
of allowed log ft values for second-forbidden nonunique transitions [5]. Our proposed
decay scheme is shown in Fig. 3. |
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a Pesquisa do Estado de Sao Paulo, FAPESP, Sio Paulo, Brazil.

tOn leave from Rugjer Boskovié Institute, Zagreb, Croatia.

Pia)



REFERENCES

[1] C.M. Lederer and V.S. Shirley, Table of Isotopes, 7th ed. (Wiley, New York, 1978);
E. Browne and R.B. Firestone, Table of Radioactive Isotopes (Wiley, New York,
1986).

2] A. Ljubi&i¢ et al., Nucl. Phys. A320, 289 (1979).
[3] M.A. Mariscotti, Nucl. Instr. and Meth. 50, 309 (1967).

[4] R.J. Glauber and P.C. Martin, Phys. Rev. 104, 158 (1956); P.C. Martin and R.J.
Glauber, Phys. Rev. 109, 1307 (1958); R.L. Intemann, Phys. Rev. C 1, 1 (1971);
A. De Rijula, Nucl. Phys. B188, 414 (1981).

[5] S. Raman and N.B. Gove, Phys. Rev. C 7, 1995 (1973).



TABLES

TABLE 1. The energy and the absolute y-ray intensity of the 126 keV peak in the

measurements with the 25 mCi source (runs 1-9), and with the 4 mCi source over a 2-year

span. Uncertainties in the v-ray intensities are statistical only.

Run Time Peak position Absolute vy-ray intensity
[days] [keV] [10-7%)]

1 0- 56 126.0+0.1 1.36+0.05

2 66 - 85 126.040.1 1.20+0.07

3 85 - 103 126.04+0.1 1.284+£0.07

4 103 - 115 126.0+0.1 1.314+0.08

5 115 - 135 126.0+0.1 1.2040.07

6 135 - 153 126.040.1 1.2640.08

7 153 - 163 126.0+0.1 1.53+0.10

8 167 - 182 126.0+0.1 1.23+0.08

9 182 - 213 126.04+0.1 1.204+0.07
Jun.89 125.940.1 1.26+0.12
Jul.89 125.8+0.1 1.1540.18
Jun.91 125.8+0.1 1.58+0.33
Adopted value 1.28+0.02

126.010.1

P



FIGURES

FIG. 1. Photon spectrum accumulated for eight months using the 25 mCi 5°Fe source
after subtraction of room background and contributions from 5°Fe. The continuum above
the IB endpoint is due to complete pileup events that are not removed by the pileup sup-

*
pression.

FIG. 2. The second derivative of the data shown in Fig. 1. Data were binned in 1 keV
bins. Energies are in keV. Pb x-rays are from fluorescence in the passive shielding behind

the germanium detector.

FIG. 3. Proposed decay scheme of 55Fe .
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