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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government 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.



COSMIC RAY HALF LIFE OF 34MN
E. B. Norman, B. Sur, K. R. Vogcl, K. T. Lesko, R-M. Larimer, and E. Browne

Nuclear Science Division, Lawrence Berkeley Laboratory,
Berkeley, California 94720 U. S. A,

Abstract

A search for the B+ decay of 4Mn has established an upper limit of 4.4 x 10-8 for this
branching ratio, and a lower limit of 13.3 for the log ft value for this second forbidden

© unique transition. Assuming that the B~ decay branch has the same log ft value, then its

partial half life must be greater than 4 x 10* years. Experiments to directly measure the p-
decay rate of ¥Mn are now in progress.

Introduction  In the laboratory, 34Mn decays with a 312 day half-life via an allowed
electron capture transition to the 835-keV level in 34Cr. Asa cosmic ray, 34Mn is believed
to be produced through spallation of primary iron nuclei on interstellar hydrogen and would
be stripped of all its atomic electrons. While this would prevent its decay by electron
capture, as can be seen in Figure 1, it is energetically possible for it to decay via second
forbidden unique transitions to the ground states of 34Cr and 34Fe by positron or negatron

_emission, respectively (Browne and Firestone 1986). Because of the expected long B+

and B- lifetimes, 34Mn has been proposed as a cosmic-ray chronometer (Cassé 1973,
Wilson 1978). More recently, the presence of 54Mn in the cosmic rays has been

experimentally confirmed (Tarl¢ et al. 1979), with a half-life estimated to be (1 - 2) x 106
years in order to explain the observcd energy spectrum (Koch et al. 1981).

Figure 1. Decay scheme of >*Mn.



Experiment Because there is more energy available for B- decay, this is expected to be the
dominant decay mode for fully ionized 34Mn. However, it is extremely hard to
experimentally isolate the expected < 10-6 branch in the laboratory. The basic problem is
how to find this tiny 697-keV endpoint - spectrum in the presence of the 835-keV gamma
rays, which are emitted nearly 100% of the time, and of the 829-835 keV internal
conversion electrons, which are emitted with a branching ratio of 2.5 x 104 (Browne and
Firestone 1986). Thus, the initial studies of Sur et al. (1989) searched for the even

smaller, but easier to detect, B* decay branch. A schematic view of the experimental
apparatus is shown in Figure 2.
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Figure 2. Schematic view of the apparatus for detécting positrons.
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A chemically purified 7.3 pCi 34Mn source was mounted in front of a two-element silicon
surface-barrier detector telescope to detect the emitted positrons. The source and telescope
were mounted at the center of an annular Nal detector that was optically divided into two
halves. The back-to-back 511-keV yrays from positrons annihilating in the back element of
the telescope were detected in these two halves of the annular detector. A fourfold
coincidence between the telescope elements and each half of the annular Nal detector was
required in the electronic hardware trigger. For each such trigger, the energy signals from
all four detectors, the summed energy in the telescope, timing signals between the back
silicon detector and each of the other three detectors , and the timing signal between the two
halves of the Nal annulus were recorded. The efficiency of the apparatus for detecting
positrons by this method was measured by detecting positrons from a calibrated 9Zn source
mounted in the same geometry as the 34Mn source. 3Zn was chosen for this calibration

because its B* decay endpoint energy of 325 keV is very close to the expected 355 keV B+
decay endpoint energy of 4Mn.

Results and Discussion The nine parameter event-by-event data was sorted with a variety
of software gates. The candidate positron spectrum was extracted by projecting out the
summed telescope energy spectrum in coincidence with 511-keV y rays detected in both
halves of the annular Nal detector within the prompt timing requirement for all detectors.
Background spectra were extracted by projecting out the summed telescope energy spectrum
in coincidence with combinations of gates set above and below 511 keV in both halves of
the Nal annulus. Background events due to random coincidences were determined to be




negligible by setting gates off the prompt peak in each of the timing spectra. During a total
running time of 360.4 hours, no excess counts were observed in the back-to-back prompt
511-keV gated spectrum over those in the background gates. In the 511-511-keV gate of
interest we observed 208+14.4 events in the first 355 keV of the summed telescope energy
spectrum, while the average number of events in all the background gates was 213£5.6.
Thus, the 1o upper limit set on the number of 3¥Mn positrons detected was 15.5. Using
the experimentally determined efficiency of 0.10% for detecting positrons, we obtain an
‘upper limit of 4.4 x 108 for the B+ decay branching ratio of 3*Mn, which corresponds to a
lower limit of 2.0 x 107 years for the partial half-life of this decay channel. This result
clearly rules out the possibility that B* is the dominant decay mode for the 54Mn nuclei
found in cosmic rays.

Using the accepted value of 1377 keV for the mass difference between 34Mn and 34Cr
(Browne and Firestone 1986), a lower limit of 13.3 was established for the log ft value of
this transition. Using this log ft value for the B~ decay branch with 697 keV of available
energy, a lower limit of 4 x 104 years was obtained for the partial half-life of this decay
mode. This value is about 25 times shorter than the estimated half-life of 34Mn in cosmic
rays and thus consistent with B~ as the dominant channel for this decay.

Two different experiments to measure the B~ decay rate of 54Mn are now in progress.
The first is a direct B~ detection experiment similar to the B+ search described above. The
silicon detector telescope used in the B* search is replaced with a plastic scintillator-Csl
phoswich detector positioned on one side of the 3Mn source with a Nal detector on the-
opposite side of the source. Again, this entire assembly is placed inside the annular Nal
detector. In this experiment, the B- particles of interest stop in the thin plastic scintillator,
while y rays pass through and are detected in the Csl and/or Nal detectors. A single
photomultiplier tube views both the plastic scintillator and the Csl detector. The timing
characteristics of the output signals are used to distinguish events originating in the plastic
from those originating in the Csl. Thus, a B-decay produces a signal in the plastic
scintillator and no signal in the Csl or in any of the Nal detectors. The second approach is
an attempt to measure the rate of ingrowth of 34Fe atoms produced as a result of the p-
decay of Mn. This would be accomplished by allowing a 54Mn sample to sit for some
time, after which any iron present in the sample would be chemically extracted. A
measurement of the 54Fe content of this iron fraction via neutron activation analysis would
then provide the desired >Mn B- decay rate.
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