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1. Introduction

The observed abundances for fhauclei®?**Mo and®®°®Ru are currently at odds with abun-
dance predictions from established solar production mechanisms [1]t pFpecess, which is a
sequence ofp, y) reactions and subsequeBt decays that starts at the seed nucl&i&e and
terminates at®%198Te [2], can produce these nuclei under certain circumstances. Thenaoi
r p-process material emitted into the interstellar medium depends on the isotopgicamestion
factor, the frequency of X-ray burst occurrences that proguoeclei, and the fraction of mate-
rial that escapes the gravitational field of the neutron star [3]. The Hhig¥itgtional field in the
vicinity of neutron stars hinders stellar ejection of all but the most energshi¢4d during X-ray
bursts. Therefore, the bulk of nuclei synthesized inrthgrocess is not expected to escape the
gravitational field. Nevertheless, the amount of ejected material is still beingted and the com-
position of material produced in ap-process event relies on experimental data, inclu@ivtecay
half-lives that govern the overall mass processing rate and the compaditioe ash.

We have remeasured the half-life Mo, anr p-process waiting point nucleus. The half-
life of 8Mo is a necessary experimental parameter for modeling reaction flow #bev@4, and
directly determines the amount 8fSr formed during X-ray bursts. The previously adopted half-
life value of 37:1):3 s [5, 6] was not determined to high precision, and is at odds with theoretical
expectations [7, 8].

2. Experimental Procedure

84Mo was produced at National Superconducting Cyclotron Laboratpriydgmentation of
a primary beam of?#Xe at energy 140 MeV/nucleon in a 305 mg/kiBe target. The desired
fragments were selected with the A1900 Fragment Separator [9] with a 180dWl wedge and
1% momentum slit at the intermediate image of the device. Further secondamgbparation was
accomplished with the Radio Frequency Fragment Separator (RFFSTH®ORFFS was operated
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Figure 1. Particle identification plot foP*Mo fragments. The overall rate of ions after the RFFS was
0.5 Hz. TheAE signal was obtained from the most upstream Si PIN detectimeoBCS. Time-of-flight was
determined between the same Si PIN detector and the cycladiofrequency.
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atVpp = 47 kV and a frequency of 23.145 MHz, matched to the K1200 cyclotronvasited ions
were removed from the beam by a 10 mm vertical slit place8lm downstream of the RFFS. The
particle identification spectrum after separation in the RFFS is depicted in.Fig. 1

The experimental apparatus consisted of a combined setup of the BStunting Station
(BCS) [11] and 16 Ge detectors from the Segmented Germanium ArrayTh2 BCS was used
for event-by-event correlation of fragment implantations with their sulbseit3 decays. The
central detector of the BCS was a Double-Sided Silicon Strip Detector (p&SBimensions
4 cm x 4 cm x 995 um thick. The DSSD was segmented into 40 1-mm strips in bothxthe
andy dimension, providing 1600 individual pixels. The high degree of DSSinemtation and
beam filtering from the RFFS were crucial to realize an average time betmg@éamtations into a
single pixel that exceeded the correlation time, which was set in software 10 B based on the
previously-determined half-life **Mo. The efficiency for8 detection wasz 38% considering
correlations between an implantation in a given pixel and a subsequentw#hin the same pixel
or the four nearest neighbor pixels.

3. Resaultsand Discussion

The decay curve foB-decay events correlated wifiMo implantations is presented in Fig. 2.
These data were fitted based on the maximization of a Poisson probability l6gdde: function
that considered the exponential decay of#fido parent, the exponential growth and decay of the
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Figure 2: Decay curve foB decays correlated Mo implantations within a 10 s time window. A pre-
liminary half-life of 2.0+ 0.4 s for8Mo was deduced from the fit. The fit was determined through the
maximization of a Poisson distribution log-likelihood fition that considered contributions from the ex-
ponential decay of th&*Mo parent, the exponential growth and decay of #¢b daughter, and a linear
background. A fixed value of 9.5 s for the daughter half-lifgsvprovided for the fit. The data are summed
into 1 s bins, represented by the black circles in the ploe pérent and daughter components of the fit are
represented by the solid and dashed lines, respectivetyb@ibkground contribution to the fit is not shown.
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84Nb daughter with a known half-life of 9.5 s [13], and a linear backgroungreliminary half-life
of 2.0+ 0.4 s was deduced based on a sample size representing*M@&implantations.

A shortcoming in the above fitting procedure is that all decay times were @esido be
independent, which does not accurately describe the probability derisityughter decays. A
maximum likelihood analysis is underway to improve the precision ofth® half-life result.

The new preliminary half-life of*Mo is more than & shorter than the previous value of
3.7,98 s [5]. We note that the sample size in the measurement reported here is 3@dirtyes
larger than that realized in Ref. [5]. The new half-life value is found tadesistent with the
QRPA results of Sarrigureet al. [7], who properly accounted for the ground state deformation
parameters of neighboring nuclei.

The implications of the new half-life value &fMo on ther p-process abundances for the
A = 84 mass chain were calculated using a single zone X-ray burst model tvas€&EACLIB-V1
rates [14]. The abundance with respect to burst duration is shown i8Ry 8*Mo (solid lines)
and for allA = 84 isobars (dashed line). The shaded region covers the range/mfysig predicted
half-lives (0.8 s< Ty, < 6.0 s) given by various models [7, 8, 15]. The dot-dashed line reptese
the yield calculated using the experimental upper limit of 4.7 s taken from theopsty-measured
half-life of Mo. The order of magnitude uncertainty in the fifi#$r abundance is reduced to less
than a factor of two with the new and more precise half-life.
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Figure 3: Impact of8*Mo half-life on the finalA = 84 isobar abundance. Abundance is reported as a
ratio of (mass fraction)/(mass number). Time 0 correspaodbe hydrogen-ignition start time. The solid
line, bounded above and below with dotted uncertaintiesyshhe result using the newly-measuféilo
half-life. The dashed line corresponds to summed abundaha# A = 84 isobars. The dot-dashed line
represents the yield calculated using the experimentappit of 4.7 s taken from the previously adopted
half-life of 3.7f$:g s for8Mo from Ref. [5]. The shaded regions highlight the range inratance based on
the full range of theoretical half-lives.
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