Giant resonance study of ®Si and Mg with 240 MeV °Li scattering
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Inelastic scattering of °Li from both **Si and **Mg excited into the giant resonance region was

measured with the spectrometer at 0° and 4° and at 6° for **Mg. The folding optical potential obtained

with the CDM3Y5 NN interaction and with
density denl (see Ref.[1] ) were used to
analyze the giant resonance data. Sample
excitation energy spectra for **Si with
average center of mass angles 1.3° and 6.4°
are shown in Fig. 1 with pink curves
representing the continuum  choices.
Angular distributions of the differential
cross sections for the giant resonance peak
and continuum are shown in Fig. 2 along
with DWBA fits for three energy bins with
average excitation energies 10.14 MeV,
20.46 MeV and 29.14 MeV. Sample
excitation energy spectra for **Mg with
average center of mass angles 1.3°, 4.7° and
9.5° are shown in Fig. 3 with pink curves
representing the continuum  choices.
Angular distributions of differential cross
sections for the giant resonance peak and
continuum for **Mg are shown in Fig. 4
along with DWBA fits for three energy bins
with average excitation energies 12.94
MeV, 20.08 MeV and 28.75 MeV.
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Figure 1. Sample spectra for **Si at average center
of mass angle 1.3° and 6.4°. The pink curves are
the continuum chosen for the analvsis.

distributions obtained for **Si are shown in Fig. 5 along with those obtained from o scattering. The

multipole parameters obtained are summarized and compared with those from a scattering in Table I. The

centroid (m;/my), rms width and percentage of the EWSR are calculated for the total excitation range
measured (~ 8 to 40 MeV), as well as the ranges ~ 8 to 22.4 MeV and ~ 22.4 to 40 MeV.
The EO, E1, E2 and E3 strength distributions obtained for **Mg are shown in Fig. 6 and Fig. 7

along with those obtained from two different analyses of a scattering. The multipole parameters obtained

for **Mg are summarized and compared with those from o scattering and 156 MeV °Li scattering in Table

II. The centroid (m;/my), rms width and percentage of the EWSR are calculated for the total excitation

range measured (~ 8 to 40 MeV), as well as for the range ~10 to 20 MeV.
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Figure 3. Sample spectra for **Mg at average center of mass angle 1.3°, 4.7° and 9.5°. The pink
curves are the continuum chosen for the analysils. The broad structures pointed by the brown arrow
or covered by the brown bracket are from °Li scatfering on Hydrogen.
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Figure 4. Angular distributions of the cross section for inelastic scattering from **Mg for 0.8 MeV
wide bin centered at E,=12.94, 20.08, 28.75 MeV along with DWBA fits. The left column shows
those for the giant resonance peak while the right column shows those for the continuum. The pink
lines through the data show the fits. The EOQ contribution is shown by the red line, the isoscalar E1
contribution by the light blue line, the E2 contributions by the purple lines, the E3 contributions by
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the brown lines and E4 contributions by the dark green lines.
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Figure 5. The dark blue curves show EO, E1, E2 and E3 strength distributions for 2*Si
obtained from analysis of °Li inelastic scattering. The red curves show those obtained with o
inelastic scattering [2]. Error bars represent the uncertainty due to the fitting of the angular
distributions and different choices of the continuum.
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Figure 6. The blue curves show E0, E1, E2 and E3
strength distributions for **Mg obtained from
analysis of °Li inelastic scattering. The red curves
show those obtained with a inelastic scattering [3].
Error bars represent the uncertainty due to the
fitting of the angular distributions and different
choices of the continuum.
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Figure 7. The blue curves show E0, E1, E2 and E3
strength distributions for **Mg obtained from
analysis of °Li inelastic scattering. The red curves
show those obtained with new analysis of o
inelastic scattering [4]. Error bars represent the
uncertainty due to the fitting of the angular
distributions and different choices of the
continuum.



Table 1. Multipole parameters obtained for **Si in this work compared to those obtained
from analysis of a scattering.

This work o scattering [2]
E, range m;/my rms width EWSR E, range m;/mg rms width EWSR
(MeV) (MeV) (MeV) (%) (MeV) (MeV) (MeV) (%)
EO 8.0-22.4 17.6040.17  2.6740.17 4846 | 8.0-22.5 17.27+0.38  3.04%0.6  38+4
22.4- +0.73 +1.34 +30 22.5-
w0 27725055 saigdg 31 w00 2822038 375806 374
+0.78 +1.34 +35 +0.38
80400 205901 5783 80730 | 80400 21467038 63206 7410
El 80224 169017 3777078 4044 | 80225 1532060 475507 808
22.4- +0.34 +0.74 +19 22.5-
a0 27270050 2697019 38T w00 2756060 3.05:0.7 707
-0.41 +0.74 +21
804400 2117703, 587701 84T[| | 8.0-40.0 1927x0.60 6907  15t4
E2 8.0-224 17250.17  3.024023 4745 | 8.0-22.5 16.59%025  3.5%0.6  47%5
22.4- +0.20 22.5-
a0 29220079 381023 6446 w00 2721025 298:0.6 1842
80400 22697033 694:023 111416 | 80400 18532025 4706 659
B3 80224 1204703 6542018 4% | 80225  1331%025 457506 7207
22.4- 22.5-
a00 3215017 448:018 273 W00 33322025 34806 3x03
80-40.0 27714024 809+0.18 31" | 80400 163025 922406 10l

Table I1. Multipole parameters obtained for **Mg in this work compared to those obtained from analysis of a
scattering and from previous 156 MeV °Li scattering.

®Li scattering o scattering
L Ref E, energy m;/mg rms width EWSR | Ref E, range m;/my rms width EWSR
© (MeV) (MeV) (MeV) (%) . (MeV) (MeV) (MeV) (%)
h 102206 1688917 2.13£0.17  35%5 101209 16.31x0.6* 2.620.74 27+4
This ’
w34 | [3]
work 6386 21357037 498798 106 9.0-41.0 21.0£0.6 73+1.2 72410
0
. 10.2-20.4 16.447033 2487038 24+4
[5]  10.0-202  16.66x0.5 248+0.5 343 | [4]
9.0-41.0 21.93*933 6.53+%41 8249
10.1-20.9  14.68+2.21 3.1420.97 1274
102-206 1475729 229£0.17  10s3 | [3]
| This 9.0-41.0 18.8£1.7 6.7£1.0 2749
work - - 102204 16.12°9% 3331068 16£5
8.6-38.6  26.567%3% 6.4210357 8421 | [4] o3 oo
9.0-41.0 22.70%05 6.19%5%0 65+8
- * * +5
102206 15.79:0.17  2.58£017 3044 | [37 01209 15.0720.6 2.070.6 L
This 9.0-41.0 16.9+0.6 3.440.6 72+10
2 work 102204 15564018 293702 36:4
8.6-38.6 2023702 6.297934 76714 | [4]
0.20 0.25 12 +0.18 4025
9.0-41.0 19.927018 725792 899
+9
s TS goiel s 45028 - B]  9.0-41.0 25.2+1.0 45412 319
work R 038 5--0.19 -1 +037 +0.23
4] 9.0-41.0 25.4393] 831703 4245

* assume the uncertainty is the same as in the total energy range
** The original result from Ref. [5] multiplied by 0.5 (see Ref. [3])
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