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Inelastic scattering of 6Li from both 28Si and 24Mg excited into the giant resonance region was 
measured with the spectrometer at 0° and 4° and at 6° for 24Mg. The folding optical potential obtained 
with the CDM3Y5 NN interaction and with 
density den1 (see Ref.[1] ) were used to 
analyze the giant resonance data. Sample 
excitation energy spectra for 28Si 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 24Mg 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 24Mg 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 28Si at average center 
of mass angle 1.3° and 6.4°. The pink curves are 
the continuum chosen for the analysis. 

The E0, E1, E2 and E3 strength 
distributions obtained for 28Si are shown in Fig. 5 along with those obtained from α scattering. The 
multipole parameters obtained are summarized and compared with those from α scattering in Table I. The 
centroid (m1/m0), 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 E0, E1, E2 and E3 strength distributions obtained for 24Mg are shown in Fig. 6 and Fig. 7 
along with those obtained from two different analyses of α scattering. The multipole parameters obtained 
for 24Mg are summarized and compared with those from α scattering and 156 MeV 6Li scattering in Table 
II. The centroid (m1/m0), 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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Data analysis of 28Si and 24Mg showed that The EWSR strength distributions obtained by 6Li 
scattering for the ISGMR in 28Si and 24Mg are consistent with those obtained by α scattering. Thus 
inelastic scattering of 240 MeV 6Li can be an alternate way to study ISGMR. 

 
Figure 2. Angular distributions of the cross section for 6Li inelastic scattering from 28Si for 
0.8 MeV wide bins centered at Ex=10.14, 20.46, 29.14 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 E0 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 the brown lines and E4 
contributions by the dark green lines. 
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Figure 3. Sample spectra for 24Mg at average center of mass angle 1.3°, 4.7° and 9.5°. The pink 
curves are the continuum chosen for the analysis. The broad structures pointed by the brown arrow 
or covered by the brown bracket are from 6Li scattering on Hydrogen.  
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Figure 4. Angular distributions of the cross section for inelastic scattering from 24Mg for 0.8 MeV 
wide bin centered at Ex=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 E0 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 
the brown lines and E4 contributions by the dark green lines. 
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Figure 5. The dark blue curves show E0, E1, E2 and E3 strength distributions for 28Si 
obtained from analysis of 6Li inelastic scattering. The red curves  show those obtained with α 
inelastic scattering [2]. Error bars represent the uncertainty due to the fitting of the angular 
distributions and different choices of the continuum. 
 

 
 

I-5 



 

0

0.07

0.14

5 10 15 20 25 30 35 40

Fr
ac

tio
n 

E0
 E

W
SR

/M
eV α: 82%

6Li:  106%

0

0.07

0.14

5 10 15 20 25 30 35 40

Fr
ac

tio
n 

E1
 E

W
SR

/M
eV

α: 65%

6Li:  84%

0

0.04

0.08

5 10 15 20 25 30 35 40
Fr

ac
tio

n 
E2

 E
W

SR
/M

eV α:  89%
6Li:  76%

0

0.03

0.06

5 10 15 20 25 30 35 40
Ex(MeV)

Fr
ac

tio
n 

E3
 E

W
SR

/M
eV

α: 42%

6Li:  3%

24Mg

 
Figure 7. The blue curves show E0, E1, E2 and E3 
strength distributions for 24Mg obtained from 
analysis of 6Li inelastic scattering. The red curves 
show those obtained with new analysis of α 
inelastic scattering [4]. Error bars represent the 
uncertainty due to the fitting of the angular 
distributions and different choices of the 
continuum. 

 
Figure 6. The blue curves show E0, E1, E2 and E3 
strength distributions for 24Mg obtained from 
analysis of 6Li inelastic scattering. The red curves  
show those obtained with α 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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Table I. Multipole parameters obtained for 28Si in this work compared to those obtained 
from analysis of α scattering. 
 

 This work α scattering [2] 

 Ex range 
(MeV) 

m1/m0 
(MeV) 

rms width 
(MeV) 

EWSR 
(%) 

Ex range 
(MeV) 

m1/m0 
(MeV) 

rms width 
(MeV) 

EWSR 
(%) 

E0 8.0-22.4 17.60±0.17 2.67±0.17 48±6 8.0-22.5 17.27±0.38 3.04±0.6 38±4 

 22.4-
40.0 

73.0
25.072.27 +

−  3.21  34.1
34.0

+
−

30
1331+

−  22.5-
40.0 28.22±0.38 3.75±0.6 37±4 

 8.0-40.0 78.0
33.059.20 +

−  5.78  34.1
34.0

+
−

35
2080+

−  8.0-40.0 38.0
38.046.21 +

−  6.3±0.6 74±10 

E1 8.0-22.4 16.9±0.17 3.77  74.0
19.0

+
− 40±4 8.0-22.5 15.3±0.60 4.75±0.7 8±0.8 

22.4-
40.0 

34.0
20.027.27 +

−  2.69  74.0
19.0

+
−

19
1038+

−  22.5-
40.0  27.56±0.60 3.05±0.7 7±0.7 

 8.0-40.0 41.0
24.017.21 −

−  5.87  74.0
19.0

+
−

21
1184+

−  8.0-40.0 19.27±0.60 6.9±0.7 15±4 

E2 8.0-22.4 17.25±0.17 3.02±0.23 47±5 8.0-22.5 16.59±0.25 3.5±0.6 47±5 
22.4-
40.0 

20.0
19.022.29 +

−  3.81±0.23 64±6 22.5-
40.0  27.21±0.25 2.98±0.6 18±2 

 8.0-40.0 23.0
20.069.22 +

−  6.94±0.23 111±16 8.0-40.0 18.53±0.25 4.7±0.6 65±9 

5
14+

−
25.0
19.094.12 +

−  E3 8.0-22.4 6.54±0.18 8.0-22.5 13.31±0.25 4.57±0.6 7±0.7  

22.4-
40.0  32.15±0.17 4.48±0.18 27±3 22.5-

40.0 33.32±0.25 3.48±0.6 3±0.3 

 7
631+

−8.0-40.0 27.71±0.24 8.09±0.18 8.0-40.0 16.3±0.25 9.22±0.6  10±1 

 
 

Table II. Multipole parameters obtained for 24Mg in this work compared to those obtained from analysis of α 
scattering and from previous 156 MeV 6Li scattering. 

6Li scattering  α scattering 

L Ref. Ex energy 
(MeV) 

m1/m0 
(MeV) 

rms width 
(MeV) 

EWSR 
(%) 

Ref
. 

Ex range 
(MeV) 

m1/m0  rms width 
(MeV) (MeV) 

EWSR 
(%) 

10.2-20.6 17.0
17.088.16 +

−  17.013.2 ±  35±5 10.1-20.9 16.31±0.6* 2.62±0.74 27±4 
This 
work [3] 

8.6-38.6 37.0
26.035.21 +

−  68.0
32.098.4 +

−  
34
24106+

−

 
9.0-41.0 21.0±0.6 7.3±1.2 72±10 

0 
10.2-20.4 33.0

25.044.16 +
−  48.0

23.048.2 +
−  24±4 

[5] 10.0-20.2 16.66±0.5 2.48±0.5 34±3** [4] 
9.0-41.0 33.0

25.093.21 +
−  47.0

23.053.6 +
−  82±9 

10.1-20.9 14.68±2.21 3.14±0.97 11
512+

−  
10.2-20.6 20.0

17.075.14 +
−  17.029.2 ±  10±3 [3] 

9.0-41.0 18.8±1.7 6.7±1.0 26
1127+

−  

10.2-20.4 23.0
20.012.16 +

−  68.0
49.033.3 +

−  16±5 
This 
work 

8.6-38.6 29.0
26.056.26 +

−  29.0
27.042.6 +

−  24
2184+

−  

1 

[4] 
9.0-41.0 23.0

20.070.22 +
−  67.0

49.019.6 +
−  65±8 

10.1-20.9 15.07±0.6* 2.07±0.6* 5
851+

−  10.2-20.6 15.79±0.17 2.58±0.17 30±4 [3] 
9.0-41.0 16.9±0.6 3.4±0.6 72±10 

18.056.15 ±  10.2-20.4 25.0
20.093.2 +

−  36±4 2 This 
work 

8.6-38.6 25.0
20.023.20 +

−  34.0
25.029.6 +

−  14
1276+

−  [4] 
9.0-41.0 18.0

18.092.19 +
−  25.0

20.025.7 +
−  89±9 

[3] 9.0-41.0 25.2±1.0 4.5±1.2 9
631+

−  
3 This 

work 8.6-38.6 40.1
38.054.18 +

−  4
13+

−  
[4] 9.0-41.0 37.0

23.043.25 +
−  23.0

22.031.8 +
−  42±5 

28.0
19.085.5 +

−  

* 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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