COSMIC RAY HISTORY DERIVED FROM THE 54Mn, 56Ni, and144Pm CHRONOMETERSK. Zaerpoor*, Y. D. Chan, D. E. DiGregorio�, M. R. Dragowsky*, M. M. Hindi�, M. C. P. Isaac, K. S.Krane*, R. M. Larimer, A. O. Macchiavelli, R. W. Macleod, P. Miocinovic⁄, E.B. Norman, and S. J.Robinson�Detailed information on the history ofcosmic rays within our Galaxy can bedetermined by comparing the cosmic-rayabundances of long-lived radioactiveisotopes to those of their stable neighbors. Due to their interactions with theinterstellar medium, high-energy cosmicray nuclei are fully stripped of their atomicelectrons. This turns nuclei such as 7Be,53Mn and 145Pm, which decay in thelaboratory via electron capture, into stablenuclei as cosmic rays. Because of their largerEC decay energies, it is possible for nucleisuch as 54Mn, 56Ni, and 144Pm to decay byb+ emission. By combining observations ofthe cosmic-ray abundances of these isotopeswith measurements of their b+ decay h a l f lives, the mean confinement time of cosmicrays in our galaxy and the time intervalbetween nucleosynthesis and cosmic rayacceleration can be deduced. We performed three experiments onGAMMASPHERE to search for theastrophysically interesting b+ decaybranches of 54Mn, 56Ni, and 144Pm. W e placed a chemically purified source of eachisotope at the normal target position andsearched for the characteristic signature ofthe b+ decay of each isotope.In the case of 54Mn, we observed the back-to-back 511-511 keV coincidences producedby the ground-state to ground-state b+ decay. A careful analysis of data obtainedfrom 97 hours of source counting and 61 hoursof background showed a net signal of 24–10.From this result we determined this decaybranch to be 2.2x10-7% [1]. The correspondinglog ft for this transition is 14.5. Assumingthat the b- decay of 54Mn to the ground stateof 54Fe has this same log ft , we infer t h a t the b- decay half-life (and hence the cosmicray half-life) of a bare 54Mn nucleus is 7.6x105 yr. This result is in good agreementwith the value of 1-2 x106 years deduced byDuVernois [3] by combining his measurementsof the isotopic composition of cosmic-raymanganese with the confinement time of 15 x106 years derived from other chronometers.This implies that the confinement time ofiron-group cosmic rays is the same as that ofthe lighter cosmic-ray nuclei. For 144Pm, we searched for 511-511-697keV coincidences that would be produced bythe b+ decay to the Jp = 2+ first excited-statein 144Nd. While we did not observe thisdecay mode, we set a 90% confidence levelupper limit onthe branch of 7.4x10-6% [2]which is approximately a factor of 10 lowerthan the previous limit. For 56Ni, we measured the energyspectrum of positrons in coincidence with511-511-158 keV gamma rays that would beproduced by the b+ decay to the Jp = 3+ firstexcited state in 56Co. Analysis of the datafrom this experiment is now in progress.Footnotes and References* Physics Department, Oregon State University,Corvallis, OR� Laboratorio TANDAR - CNEA, Buenos Aires,Argentina� Physics Department, Tennessee TechnologicalUniversity, Cookeville, TN⁄ Physics Department, University of California,Berkeley, CA1. K. Zaerpoor, et al., Phys. Rev. Lett. 79, 4306 (1997)2. K. Zaerpoor et al., Phys. Rev. C (accepted forpublication, April, 1998)3. M. A. DuVernois, Phys. Rev. C 54, R2134 (1996)