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Models of astronomical phenomena require a humber of nuplegsics inputs to characterize
the contribution of these events to the production of theenlexd elements. Masses and the exci-
tation energy levels, spins, and partial and total decayhsidf states are particularly important.
Reported here are the mass measuremertfg and2®Si which are required to understand the
contribution of novae to the observed (or unobserved) galabundances Al and ?>Na. A
description of the Canadian Penning trap mass spectrometeYale spectrograph which were
used to determine these masses is presented and is folloneedhief description of the astro-
physical consequences.
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1. Introduction

The success of models used to describe astronomical pheawueh as novae, x-ray bursts,
and supernovae is determined by their ability to replichte dbservational signatures of these
events. Two examples of such observables are the abundafrtbesisotopeg®Al and 2?Na which
are detected by th@-delayed 1.809 MeVPAl, t1,=7.2x10° yr) and 1.275 MeV{¥Na, t,,=2.6
yr) y rays from the decay of these isotopes [1]. The dominant auclacertainties in the contri-
bution of novae to the abundances of these nuclides stemdrmertainties in théAl( p, y)?°Si
and?Na(p, y)**Mg reaction rates [2, 3, 4]. Since the resonant componentiseofeaction rates
depend exponentially on the resonance endggy;: Ex — Q,, either the direct determination of the
resonance energy or the indirect determination throughsarements of the excitation energy,
and ground-stat€), values is necessary. We report here the measurements memernésses of
22Mg and?8Si which are used to improve the precision of the requi@gd/alues.

The current mass evaluation (AME) [5], used two measuresnpablished in 1974 [6, 7]
to arrive at -397.0(13) keV for the mass exces$%g. Since the AME was published, a direct
measurement [8] of the resonance energy of thetate had suggested that the mass exceS8/of
was 6 keV less than the value published in the AME. In additamre of the measurements used
in the evaluation [6] had been revised to account for the gham theQ value of the'®O(p,t)*0
reaction [9] which was used as a calibratiQnvalue during the original measurement [10]. The
net effect was a decrease in the mass exce$&\yg by 3 keV which was insufficient to resolve
the 6 keV difference noted in Ref. [8] and prompted indepehdeeasurements of tHéMg mass
and the energy of the'2state. As for®Si, only one measurement of its mass [6] was considered
in the latest AME. Since recent studies of the structuré8f above the>Al + p threshold have
been made [11, 12, 13] and a measurement has been propoked SAC facility at TRIUMF to
directly study the?®Al( p, y)?®Si reaction [14], a remeasurement of #8i mass is warranted.

2. The Canadian Penning trap mass spectrometer

The Canadian Penning Trap (CPT) mass spectrometer [15, di&srprecise mass measure-
ments of nuclides created through fusion-evaporationtiggee using beams from the ATLAS fa-
cility at Argonne National Laboratory. lons éfMg were created with a 3.5 MeV/nucledfiNe
beam incident upon a cryogenitle target held at 700 mbar with entrance and exit windowsf 1.
mg cnt 2 Ti. The?2Mg ions produced in the reaction were focused and separnatetdthe primary
beam with a combination of a magnetic triplet, a velocityefiltand an Enge split-pole magnetic
spectrograph [17]. A tuneable degrader, positioned atdbal fplane of the spectrograph, reduced
the energy of the ions before they entered a gas catcher Héjahe ions were thermalized in 200
mbar of purified helium gas. The ions were extracted from #geagtcher via a combination of gas
flow and electric fields and were guided through an ion coaleatds an isotope separator as the
helium was pumped away. Before they entered the isotopeaepathe ions were accumulated
within a small trapping potential and were periodicallyotgel. In this way the continuous ion beam
was converted into a pulsed ion beam. The ion bunches ware#ptured in the isotope separator,
a gas-filled Penning trap (B 1 T), where they were subjected to a mass selective coolimgeps
[19] before they were transferred efficiently to a linear Riadrupole (RFQ) ion trap with standard
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Figure1: TOF spectrum ofMg* obtained with the Canadian Penning trap mass spectrometer.

ion optics. During transport, a fast voltage pulse, appl@dne of the beam transport elements,
efficiently suppressed isotopes outside a restricted rahgesses before they were transmitted to
the RFQ. The RFQ was used to accumulate several bunchessamoincool the ions prior to their
injection into the precision Penning trap (B5.9 T) for the mass measurement. The magof
the ions in the Penning trap was determined by measuring apelotron frequencyg. = qB/m,
whereqis the charge of the trapped ion. The magnetic field stremjtvas periodically calibrated
by measuring the cyclotron frequencies®flet, 2INet, 22Net and O™, whose masses are well
known. The cyclotron frequency itself is measured by udimggtime of flight (TOF) method [20].

The mass excess &M, as determined with measurements using the CPT [21]98 73(67)
keV. A spectrum consisting of a subset of the data is showngnE Although this precise mass
measurement agrees well with the recent results from apamtkent Penning trap apparatus [22],
only 3 keV of the 6 keV discrepancy suggested by Ref. [8] imanted for. The remaining 3 keV
was removed following a more accurate measurement of then2rgy level [23]. All the recent
measurements now yield consistent results, includingeticosducted with the Yale spectrograph
[AM =-400.5(1.0) keV] [24] discussed below.

3. The Yale spectrograph

The Yale spectrograph sits at the end of a beamline in theetarvan de Graaff accelerator
facility of the Wright Nuclear Structure Laboratory at Yalaiversity. Located at the focal plane of
the Enge split-pole spectrograph [17] is a position-semsgas ionization drift chamber followed
by a scintillator. The drift chamber is filled with typicalB00 mbar of isobutane which is contained
with two 0.25-mil aluminized-mylar windows. A uniform eleic field is provided by a series of
10 equally spaced wires which form a voltage divider betwaéh25-inch aluminum plate (the
cathode) held at negative potential and a grounded Friddh #tigh voltage (about 1500 V) is
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applied to two sets of three wires each which lie above thechrgrid to draw the electrons from
the detector volume. The position of the ions passing thrdbg detector volume is determined
with 0.09"-wide by 1.4"-long lead-coated copper pick-ugdpavhich lie above the high-voltage
wires. A total of 220 pads are in series along the length ofwthies and are separated by delay
chips providing a delay of 5 ns between adjacent pads. Asgass through the detector volume,
the energy loss is detected by the cathode and the positithe @dn along the focal plane detector
is determined by the relative delay between the signalsctiteat opposite ends of the series of
pick-up pads. These signals, in addition to the residuaiggrgeposited in the scintillator, provide
a means to select the particles of interest. Further dstpildvided in Ref. [25].

Measurements of the mass“6iVig and?®Si were made by studyingp(t) reactions between
a 33 MeV proton beam and targets?88iO (65 ug/cm with a gold flash) and*MgO (67 ug/cm
on a 15 ug/cra carbon backing). The energies of the tritons corresponttirige ground states of
265j, 22Mg, and'*O were used in conjunction with the beam energy and scajtarngle to obtain
Qo values of the reactions after performing a momentum cdldmaof the focal plane withg, d)
reactions from both a 360 ug/@m°MgO and a 140 ug/cAAl target.

The top left spectrum in Fig. 2 shows the triton momenta epwading to different states of
22Mg from the?*Mg(p,t) reaction with the Enge spectrograph set at 25°. For the spewrograph
angle, the states 8PSi are seen in the bottom left of the same figure. The data shepvesent 20
hours (top) and 13 hours (bottom) of collection with a proteam intensity averaging 20 nA. In
the case of the ground state’8Mg, a resolution of 10 keV was achieved.

Agreement between tiféMg results obtained with the Yale spectrograph and the clartiqu
of recent measurements provides confidence ir"¥#8é mass determined by the Yale apparatus.
The result AM = -7139.5(1.0) keV], however, is in disagreement with thiy aneasurement used
in the AME [AM = -7145(3) keV] [6], even after it was corrected for changeshie calibration
reaction resulting in a mass excedd = -7145.5(30) keV [26].

With the mass of®Si as determined using the Yale spectrograph, the coritiisito the total
reaction rate of°Al( p, y)?6Si at nova temperatures is shown in top right panel of Fig. @ian
dominated by the 1 and 3" states. The bottom right panel shows the ratio of the resaadm
contributions determined with th@Si mass presented here to the rates calculated with the mass
reported in the AME. More details are given in Ref. [24]. Auetlon in the rate by as much as 30%
for T > 0.2 GK is possible if thé%Si mass reported in the AME is replaced by the results obdaine
with the Yale spectrograph. These results would be strength with additional measurements
of 26Si states above th@Al + p threshold and experimental determinations for yrend proton
partial decay widths of these states. An independent coatfiom of the?®Si mass is also desirable.

This work was supported by the U. S. Department of Energylédmdhysics Division, under
Contract W-31-109-ENG-38, and by the Natural Sciences amgirneering Research Council of
Canada.
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Figure2: The left figure shows the triton momentum spectra at the foleale of the Yale spectrograph for
the®*Mg(p,t)>’Mg reaction (top) and th&®Si(p,t)?5Si reaction (bottom). Also note the peaks resulting from
(p,t) reactions on the carbon and oxygen present in the targléstop right figure shows the contributions
to the total reaction rate GPAI(p, y)?°Si with the 26Si mass determined by the Yale spectrograph. The
bottom right figure is a comparison, in terms of a ratio, betwthe total contribution to the resonant rate as
calculated with thé®Si mass determined with the Yale spectrograph to that d@techwith the?®Si mass
from the AME.
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