the 3% component of the E3 strength.

The “E4” (L>4) strength has a broad peak between 9 and 30 MeV followed by a dramatic
increase above E,=30 MeV. The total strength observed corresponds to ~ 80% of the E4 EWSR, but the
relatively fast increase above 30 MeV is likely due to continuum processes having relatively flat angular
distributions.

The “isoscalar El strength” obtained rises sort of smoothly from 9 MeV to 40 MeV and
corresponds to 140% of the isoscalar E1 EWSR. In the analysis reported in Ref. [1] as well as analyses of
the data for other nuclei [4], the isoscalar El strength extracted from a multipole analysis of the
continuum rises almost monotonically up to the highest excitation energy studied and corresponds to
significantly more than the sum rule strength. There are likely continuum processes which are responsible
for much of this (apparent) E1 strength as discussed below.

In Fig. 3 the EO, E1, and E2 strength functions from Fig. 2 have been converted into cross
section at the peak of the angular distribution. Also plotted are Hartree-Fock Random Phase
Approximation calculations [5] for strength distributions converted to cross sections (at the peak of the
angular distribution for each multipole) using double folding calculations where the transition densities
for each multipole were obtained from the HF-RPA calculations. These calculations did not include
specific nuclear structure effects and show no structure whereas in this light nucleus considerable
structure is present in the data as expected. Of particular interest are the calculations for the E1 strength.
Above E, ~ 25 MeV the E1 double differential cross section is about 50% of the observed cross section
for all processes and is ~2.5 times the predicted cross section, suggesting that some (significant?) part of
the data is not due to E1 excitation but other (unidentified) processes that somewhat mimic an E1 angular
distribution.

[1] D. H. Youngblood, Y. -W. Lui, and H. L. Clark, Phys. Rev. C 65, 034302 (2002).
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the ENSDF database, revision of July 24, 2003, NNDC.

[4] D. H. Youngblood, Y. -W. Lui and H. L. Clark, B. John, Y. Tokimoto, and X. Chen, Phys. Rev. C 69,
034315 (2004), ibid Phys. Rev. C 69, 054312 (2004).
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Folding model analysis for 240MeV °Li elastic scattering on %Si and *Mg
X. Chen, Y. -W. Lui, H. L. Clark, Y. Tokimoto, and D. H. Youngblood

In order to study giant resonance induced by °Li scattering, optical model (OM) analysis
of °Li elastic scattering is necessary to get the optical parameters. OM has been widely used to
analyze the heavy ion scattering data in term of empirical Woods-Saxon (W-S) parameterizations
of the nuclear potential. However, it was found that a satisfactory microscopic understanding of
heavy ion scattering can be obtained if one relates the optical potential to a fundamental nucleon-
nucleon (NN) interaction through the double folding (DF) approach by folding this interaction
with the nuclear matter distributions of both the target and projectile nuclei [1]. Since °Li is a
loosely bound nucleus, breakup has a large contribution to the real part of the nuclear potential
and is responsible for the substantial renormalization factor Ny for the real folded potential [2].
SLi elastic scattering itself is very interesting. °Li is in the mass number range A=4-12, where the
elastic scattering show a transition between characteristics of light ions (A<4) and characteristics
of heavy ion (A>12). Such data could provide a stronger test of the validity of any model for
heavy ion potentials [3,4].

A beam of 240MeV °Li ions from the Texas A&M University K500 superconducting

cyclotron bombarded self-supporting **Si and **Mg target foil in the target chamber of the
multipole-dipole-multipole spectrometer. Elastic scattering and inelastic scattering to the low-
lying states were measured from 5°-35°. The calibration procedures were described in details in
Refs. [5,6]. The experimental cross sections were obtained from the charge collected, target
thickness, dead time and known solid angle. The cumulative uncertainties in target thickness,
solid angle, etc., result in about a £10% uncertainty in absolute cross section.
Two different NN effective interactions (M3Y[7] and JLM[8]) were used to get the folded
potential. Folding calculation | (FCI) used density dependent M3Y NN interaction and was
described in detail by D.T. Khoa [9], while folding calculation Il (FCIl) with JLM effective
interaction was described and discussed by F. Carstoiu et al. [10], L. Trache [11] and the
references in these two papers. Two different density forms, Fermi distribution and Hartree Fork
(HF) density [12], were used for target ground density during the folding procedures and are
listed in Table I. The cluster-orbital shell-model approximation [13] form was used for °Li
ground density with FCI. FCI was carried out with code DFPD4 [14] and elastic scattering data
were fitted with code ECIS[15]. The optical parameters obtained are listed in Table II. FCII and
the elastic scattering fit were carried out with code OPTJLM1[16]. HF densities were used for
both target and projectile. The optical parameters are listed in Table III. The angular distributions
of the calculated cross-section are plotted along with data in Fig.1 for **Mg and Fig.2 for **Si.
Both FCI and FCII give almost the same quality fits for each nucleus. The FCII fit has large
oscillations at large angles than the FCI fit.

A scaling factor on radius of the real optical potential is necessary to fit the elastic
scattering for both **Mg and **Si when FCI is used. Different densities choices (as shown in
Table I) will slightly change the value of the scaling factor (as shown in Table II.), but it can not
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eliminate the factor. Different types of density dependent M3Y interactions such as CDM3Y4,
CDM3Y5, CDM3Y6 [17] give almost the same scaling factors for **Mg elastic scattering. One
possible reason for this factor could be the density used in the density dependent function. The
density is defined as the sum of the densities of target and projectile, which may over-estimate the

nuclear matter density at certain point.

DWBA calculations for °Li inelastic scattering to the low-lying 2" state of **Mg and to
low-lying 2" and 3" states of **Si were carried out with the optical parameter sets obtained by
folding model 1. CDM3Y5 density dependent NN interaction was used here and the Denl form
(as shown in Table I) was chosen as target density for both **Mg and **Si. The transition
potentials were calculated with DFPD4 and the cross sections were calculated with ECIS.
Deformation parameters for 2" and 3™ states were obtained from electromagnetic B(EL) values by
assuming the mass deformation length and coulomb deformation length are the same. The
calculated angular distribution for the 2" state in **Mg is plotted in Figure 3 along with the data.
The calculated angular distributions for 2* and 3 states of **Si are plotted in Figure 4 and Figure 5
along with data. All the calculations of 2" states agree well with the data. However, the DWBA
calculation for the 3™ state of **Si does not agree well with the data as the calculated cross sections
are slightly higher than the data.

10 T T T T T T T
L = den 1+CDM3Y, DFPD4+ECIS ;
104 » 24Mg elastic scattering data ]
—— HF density+jlm, optjlm1
E
S E
107 —
-
& 10°
z
s E
107
E
10—4 —

-6E I | 1 | I | I | I %

10 20 30 40 50
Angle in C.M. (deg.)

Figure 1. Angular distribution for °Li+**Mg elastic scattering cross section. The red line shows
the calculation using real folded potential with CDM3Y5 NN interaction and a W-S imaginary
term. The blue line shows the calculation using both real and imaginary potential folded with
JLM interaction.
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Tablel. Density parameters for different density choices. Denl and Den2 are
Fermi distributions. R, R,, Ry, Rey means the root mean square radii of the
calculated proton, neutron, mass and charge distributions respectively.

Density
target | choice Po c a R, R, Rm Ren
Den1®® | 0.17 | 2.995 | 0.478 | 2.922 | 2.922 | 2.922 | 3.040
*Mg | pen2™ | 0.166 | 2.979 | 0.523 | 3.017 | 3.017 | 3.017 | 3.040
HF 2.928 | 2.906 | 2.917 | 3.000
Den1™ | 0.175| 3.15 | 0.475 | 3.010 | 3.010 | 3.010 | 3.875
*si | pen2™ | 0.167 | 3.155 | 0.523 | 3.123 | 3.123 [ 3.123 | 3.154
HF 3.059 | 3.031 | 3.045 | 3.132

Table 1. Optical model parameters obtained from fits of elastic scatterings with folding calculation I. N, is
renormalization factor for real potential. S; is scaling factor for real potential radius. W,rjp,a; are W-S
parameters for imaginary potentials. J, and J,, are the volume integral per nucleon pair for real and
imaginary potentials respectively. o, is total reaction cross section.

Target

Target | N-Nint | density | N, S, w o a; J | G, x°
CDM3Y6 | Denl |0.824 | 1.062 58.7 0.731 [ 1.204 | 242 | 154 | 1799 | 1.038
CDM3Y5 | Denl | 0.823 | 1.062 | 58.67 | 0.731 | 1.204 | 242 | 154 | 1799 | 1.039
*Mg [ cpm3Y4 | Deni [0.822 | 1.062 | 58.73 | 0.7311 [ 1.204 | 242 | 154 | 1799 | 1.039
CDM3Y5 HF 0.766 | 1.055 [ 59.14 | 0.728 | 1.208 | 240 | 155 | 1803 | 1.042
CDM3Y5 | Den2 |0.846 | 1.079 | 57.92| 0.737 | 1.198 | 242 | 154 | 1793 | 1.032
CDM3Y5 | Denl |0.887 | 1.0624 | 41.33 1 0.9049 | 1.048 | 256 | 136 | 1757 | 1.461
®si | cbm3Y5 | Den2 |0.924 | 1.083 | 41.38 | 0.9049 | 1.046 | 258 | 136 | 1755 | 1.439
CDM3Y5 HF 0,933 | 1.059 |[41.85]0.9011|1.051| 257 | 137 | 1761 | 1.485

Table I11. Optical potential parameters obtained from the fit of elastic scatterings with folding calculation

Il N, and Ny, are the normalization factor for real and imaginary potential respectively. t, and t,, are range
parameters for real and imaginary potential respectively.

N-N target
Target | int. | density | N, t, Ny t Jy Ju o, 52
Mg | JLM HF |0.519]0.9559 | 0.862 | 2.586 | 237 | 144 | 1803 | 1.6
g JLM HF | 0.546 | 0.9165 | 0.825 | 2.4275 | 248 | 137 | 1734 | 1.94
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Figure 2. Angular distribution for *Li+**Si elastic scattering cross section. Both red and cyan
lines show the calculation using real folded potential with CDM3Y5 N-N interaction and a
W-S imaginary term. Denl density is used for red line and Den2 density is used for cyan line.
The blue line shows the calculation using both real and imaginary potential folded with JLM
interaction.

o 2+ 24Mg data
= denl+CDM3Y5 —

Y mb/sr)
o
|

0

do/d
T T TTTTTT
L

=
I
|

1 0—4 I | I | 1 | I | 1
0 10 20 30 40 50
Angle in C.M. (deg.)
Figure 3. The line shows the calculated differential cross section using CDM3Y5 NN interaction for
inelastic scattering to the 1.369MeV 2" state in **Mg plotted versus average center-of-mass angle along
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with the data points. The electromagnetic B(E2) value [20] was used and the corresponding deformation
length 6=1.978fm.

E T T T ?
- — CDM3YS5 denl ]
10° »  28Si, 2+, data |
= 10"+ —
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angle in C.M. (deg.)
Figure 4. The line shows the calculated differential cross section using CDM3Y5 NN interaction for
inelastic scattering to the 1.779MeV 2" state in **Si plotted versus average center-of-mass angle along with
the data points. The electromagnetic B(E2) value [20] was used here and the corresponding deformation
length 6=1.426fm.
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Figure 5. The line shows the calculated differential cross section using CDM3Y5 NN interaction for
inelastic scattering to the 6.879MeV 3 state in **Si plotted versus average center-of-mass angle along with
the data points. The electromagnetic B(E3) value [21] was used here and the corresponding deformation
length 8=1.336fm.
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Study of the **N(p,y)"*O reaction from a (**N,**0) proton transfer reaction

A. Banu, T. Al.-Abdullah, V. Burjan,* F. Carstoiu,? C. Fu, C. A. Gagliardi, M. McCleskey,
G. Tabacaru, L. Trache, R. E. Tribble, and Y. Zhai
YInstitute of Nuclear Physics, Czech Academy of Sciences, Prague, Czech Republic
2IFIN-HH, Bucharest, Romania

The reaction rate for the radiative proton capture on the drip line nucleus *N is studied at the
Cyclotron Institute using an indirect method. The reaction is important in the hot pp chain nuclear
burning in H-rich massive objects [1]. In 1986, Fuller et al. [2] addressed the classic problem of
supermassive star evolution — given that a nonrotating supermassive star has formed and contracted to
its instability point, does the rapid nuclear burning in the subsequent collapse generate enough thermal
energy to stabilize the collapse and trigger an explosion?

They found that Population 111 stars with M > 5x10° solar masses and Z << 0.005 will collapse to
black holes, while stars of higher metallicity will explode. For those failing to explode, it is reasoned that
in the short time before the collapse insufficient amounts of **C and other heavier nuclei are produced by
the 3a-process. However, alternative paths to the slow 3a-process to produce CNO seed nuclei could
change their fate. In 1989, M. Wiescher et al. [1] reinvestigated the reaction rates for nuclei up to oxygen
and suggested several reaction sequences (hot pp chains) that would permit very massive stars with low
metallicity to bypass the 3a-process. **N(p,y)**0 is an important branching point in such alternative paths.

The reaction is studied here by an indirect method using the peripheral proton-transfer reaction
YN(*2N,0)*C. The radioactive beam *?N was produced and separated in MARS from a primary beam of
12C at 23 AMeV with an intensity of 150 pnA impinging on a LN, cooled H, gas cell. The gas cell was
operated at a pressure of 2.2 atm and its entrance and exit windows were made of havar foils 13 um and 4
um thick, respectively. Due to the large negative Q-value of the reaction used to produce the **N
secondary beam (-18.12 MeV), the energy of the primary beam had to be large, resulting in an energy of
the recoiling 2N products larger than the typical energy regime of our secondary proton transfer reactions
(10-12 AMeV). To bring it down to 12 AMeV where the reaction is peripheral and where we have a
proven recipe for the optical potentials needed for the DWBA analysis, the energy of the beam was
degraded by a 250-um-thick Al foil right behind the gas cell.

The resulting secondary beam at a rate of ~ 2x10° pps, and a purity of ~ 99.8% [3] impinged on a
1.6 mg/cm®-thick composite melamine target (CsHgNs) at the focal plane on MARS. MARS was operated
with D3 at an inclination angle of 5°. The experimental setup used is shown in Figure 1. It was also used
before to study the “*N("Be,’B)™C reaction [4].
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component in the A=22 band, for example, comes from one-roton-removal from Al but the *Na
component (and accompanying gammas) present at similar strength must appear from a charge-exchange
reaction '*C(**Mg,”?Na)'’N. Several states appear to be populated in each case. Bellow we see this
separation, and we’ll see what we can learn from here about the reaction mechanism and the structure of

the states involved, it certainly looks interesting.

Figure 1. Illustration of the superposition of the two reaction mechanisms discussed in text. Top part
shows for the same mass A=22 separated in the focal plane of SPEG split into Mg and **Na. Bottom
parts show the gamma-rays in coincidence with each one, separately.

The data analysis is still in progress. So far we have the data transposed from the GANIL format
to a format that we can handle at TAMU, and we have the code for the analysis written from scratch,
compiled and checked partially. In the same time we cooperate with colleagues from other teams to check

the algorithms we use and the parameters we obtain, but also to minimize duplication of work.

[1] L. Trache, F. Carstoiu, C. A. Gagliardi, and R. E. Tribble, Phys. Rev. Lett. 87, 271102 (2001).
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Determination of the '"F(p,y)'"*Ne reaction rate using the
neutron transfer reaction *C(’0,"*0)"*C

T. Al-Abdullah, F. Carstoiu, X. Chen, C. A. Gagliardi, Y.-W. Lui, G. Tabacaru,
Y. Tokimoto, L. Trache, R. E. Tribble, and Y. Zhai

It is believed that the abundance of '*F can be influenced by the '"F(p,y)'*Ne reaction. Its reaction
rate at astrophysical energies has been determined for the first time through measurements of the ANCs in
the mirror nuclear system. The peripheral “C('’0,"®0)"*C reaction was performed using the MDM
spectrometer. The elastic scattering for '"O+"C and '*0+'2C were also measured to obtain the OMPs that
give the best description of the input and exit channels of the *C('’0,'®0)"*C reaction [1]. The radiative
capture reaction '"F(p,y)'*Ne is dominated by the direct capture to the first and second 2" states in '*Ne

due to the s/, component in their wave functions. The angular distributions for the transfer to the states J*

=07, 2], 47, and 2] in 'O are shown in Fig. 1. In our transfer calculations, the 2" states result

J' =2}, E=3.920 MeV

J =2, E=1.982 MeV

10'4
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Figure 1. The angular distribution for the neutron transfer to the low-lying states in '*O,
J*=07,2/,4,and 2;, populated in the “C('’0,'"®0)’C reaction. The solid lines

represent the DWBA fit taking into account the shell model configurations for each state.

from the coupling of 1ds/, or 2s,,, neutron to the ds;, ground state of 70, while the Of and 41+ states can

be obtained from adding a 1ds, neutron to the 1ds, core configuration. Therefore, the asymptotic

normalization coefficients for each 2" state are obtained by

1-34





