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The radioisotop&®Al is an important probe of the interstellar medium of ouraya), but its pro-
duction is now still not well determined partially due to tlaek of knowledge of the important
states irf®Si, which dominate the large uncertainty in #%aI( p,y)26Si reaction rate at nova tem-
peratures. We give an update on two experiments that weferperd to study these states. One
is a measurement of tHéSi(p,deSi* reaction at the NSCL, and the other one is a measurement
of the2°Al+ p elastic scattering with the CRIB facility at RIKEN.
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1. Introduction

Galactic?®Al is observed through the emission of 1.8 MeV gamma rays ftoendecay of
2697 produced by the proton capture GAMg. In nova explosions, the proton captureZeAl
competes with it§8 decay and bypasses the productiod®Al, since the capture produéfSi de-
cays quickly to?®MAl instead of its ground state, without the emission of tfNleV gamma ray.
But at even higher temperatures, such as in supernova éxpp&MAl can be excited to the higher
excited states by thermal excitation and then quickly detesto the ground state, thereby enhanc-
ing the production oB%AI [1]. The energy levels irfSi in the Gamow window corresponding
to these temperatures therefore need to be well understoodiér to determine th&Al( p,y)2°Si
reaction rate, and thus the production raté%fl in these explosive environments.

Two experiments were performed to study the important siat®€Si : one is the |{’Si,d°Si
reaction at the NSCL, aiming to construct the level schemlewflying states around the proton
threshold; the other experiment is a measurement of théetasttering of°Al+ p with CRIB [2]
at RIKEN in order to obtain information on states in a broatgeabove the proton threshold [3].
The thick target method with inverse kinematics [4, 5] wasdu the latter experiment, with the
advantage that a wide range of energy levels can be scarmetiasieously with only one beam
energy, and the scattered protons are detected at forwgtesain the laboratory system.

2. Experimental Details

The radioactive’’Si (T1/2=4.16s) beam used in the NSCL experiment was produced by frag
menting 150 MeV/nucleofPAr primary beam ions on a 940 mg/éMBe target, resulting in &Si
beam energy of 89 MeV/nucleon, with an intensity of aboxl@’ pps and purity of about 36%. A
250 mg/cm polypropylene foil (CH) was used as the secondary target, which is surrounded by a
highly segmented germanium detector array (SeGA) for detpthe gamma rays from the decay
of the 26Si* recoils. These gamma rays were detected in coincidencethétdetection of thé®Si
recoils at the S800 focal plane [6, 7]. The SeGA detectorewaeranged in two rings at 3and
at 90. Each detector consists of 32 segments, providing acc@rdimensional position for the
Doppler broadening correction of the measured gamma ragiese The detector system on the
S800 focal plane consists of a pair of cathode readout dridhibers (CRDC) for beam tracking
information, followed by a multi-segmented ion chamberdaergy loss measurement, and three
large plastic scintillators for timing and total energy reegements. ThéfSi recoils were identified
by the time of flight (TOF) from the scintillators togethertivithe energy loss in the ion chamber.

The CRIB elastic scattering experiment was performed using5 MeV/A 2*Mg primary
beam. The reactio”H(?*Mg,n)?°Al was used to produce the seconddPAl beam with energy
of about 3.4 MeV/A, a purity of about 50% and intensity of upl@® pps. The secondary beam
was identified by two PPACs (Parallel Plate Avalanche Cashtevhich were also used for beam
tracking to determine the beam position on target, and thdesang angle when combined with
the proton position measured on a PSD (Position-Sensiticers Detector). The secondary target
was a 6.58 mg/ciCH, target, which was thick enough to stop &l beam ions. The elastically
scattered protons were measured with 3 setAEBE telescopes at’017° and 27, respectively.
Each telescope consists of ongur double-sided 16ch16ch PSD and two 15@0n single chan-
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nel SSDs (Silicon Strip Detectors). Directly above the éard 0 Nal detectors were used to detect
y-rays from the decay of the first excited state of4P&l produced in the inelastic proton scattering.
The scattered protons that punch through the PSD were fidehby using theAE versus E
spectrum, while the spectrum of PSD energy versus TOF (leetvtee PSD and the second PPAC)
was used to identify both protons punching through the PSDila@ ones stopped in the PSD.

3. Data Analysis

. For the p(*’S,d)?%S* experiment:

To select only the gamma rays coincident with $A8i recoils, a gate was applied on the his-
togram of TOF veAE measured by the detector system at the focal plane. Due tughevelocity
of the beam particles, the Doppler broadening is signififanthe gamma ray measurement, and

is corrected as follows:
1— Bcosb

Ey.dop = ﬁEy,measured

whereEy dop, Ey,measured, B, 6 represent the corrected gamma ray energy, the measuredaysgm
energy, the?’S beam velocity and the gamma ray emission angle, respectivajure 1 shows
the spectrum of corrected gamma rays. Since a cascade of @aays can be emitted from an
excited state in a single reaction, th¢ coincidence analysis technigue is usually used to cortstruc
the level scheme. Figure 2 (black histogram) shows an exaofp coincidence spectrum of the
gamma ray of 1400 keV from the transition from the excitedestaf 2°S at 4184 keV to the
excited state at 2783 keV [8]. The energy of the 4184 keV statethen be confirmed by adding
the energies of the cascagleays (1400 keV, 993 keV and 1796 keV). Also shown in red is the
corresponding background spectrum, which is obtained bgipy gates on the tails around the
gated peak, since itis not practical to separate the baagkgrgamma rays from the actual transition
y-rays inside the gated peak energy range. After all casardesxtracted from thg-y coincidence
analysis, they will be compared to the equivalent ones froevtell known states iR®Mg, the
mirror nucleus of%Si, to determine spin-parity assignments of tf8i states.
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Figure 1: Doppler corrected gamma-ray spectrumkigure 2: An example of a coincidence gamma-ray
The energies indicated are from skewed Gaussian fispectrum for the gamma ray of 1400 keV (in black),
to the peaks. with its background shown in red.
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1. For the p(*°Al,p)2°Al experiment:

When using the thick target method, the energy loss of thitesed proton traveling through
the remaining part of the target must be taken into accoume. fdllowing steps were performed to
account for this energy loss event by event. First, the raridkee 2°Al beam in the CH target is
determined and then divided into 5000 equal parts. Theuwabiehergy of thé®Al beam is calcu-
lated after each part using Ziegler's energy-loss routif@ls The proton energy at the scattering
location is also calculated. Knowing the length of the patihfroton takes through the target, its
energy after the target is obtained and compared with thesuned proton energy for a given event.
The original proton energy of this event, i.e., the energyhefproton with energy loss correction
included, is then deduced from the comparison.

The total yields of background protons of different enesdiem a carbon target were nor-
malized by the inverse ratio of the energy-dependent sbgppower of the proton in the GHand
C targets, as well as the ratio of the total number of beamtsveneach target times the number
density of carbon in the target. The yield Y is given by theatan:

Y:IonAx:IanAE/(;—I)E((E).

where | represents the accumulated number of events, nimithber density of the target material
andAx is the target thickness per energy g in the spectrum, which is inversely proportional to
the stopping power of the proton at the corresponding endfgym the above formula,the excita-
tion function can be obtained from the yield spectrum by ipljing Y by the energy-dependent
stopping powedE /dx sincec Y x ‘é—s.

Figure 3 shows a proton spectrum after correcting for theggniess in the target.
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Figure 3: Excitation function in the center of massFigure 4: A sample R-Matrix fit for the resonance at
frame with energy loss correction and backgroundg=2.186 MeV.
subtraction.

An R-Matrix [10] fit for the excitation function will be usedtextract physical parameters
such as energy levels and proton widths. Assuming only oee epannel (elastic scattering) and
only one level per, then the single-channel single-level R-Matrix formuldl Wwe used:

do m

6= (2114 1) (2124 1)] Z(CT+RT+IT).

SS
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wherely, I, are the spins of the nuclei in the entrance chansed; are the channel spins of the
entrance and the exit channels; @@, RT, andIT are the Coulomb term, resonant term and
interference term, respectively. All terms depend on thglsichannel single-level R function:

VZ

“E, _E

R

wherey andE, are the reduced level width and resonance energy resplgctive two physical pa-
rameters to be extracted from the fitting. Figure 4 shows g$affit for the resonance &z=2.186
MeV.

4. Ongoing and Future Work

The analysis towards getting the final outcome is ongoinincludes, for the g’ Si,dy®Si*
experiment, constructing level schemes from the coinddemalysis of gamma rays to determine
the energies and spin-parity assignments of the levels;f@ntthe elastic scattering experiment,
extracting the energies ardf for the resonances in the excitation function by a leastsegifit
using the R-Matrix theory for compound nuclear reactionssits from both analyses will be used
as input for calculating the neWAl( p,y)?°Si reaction rate.
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