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Energy levels for (
18

F, 
19

F and 
20

F) isotopes have been studied within the framework of shell model 
using OXBASH code. In this work, the calculations are based on the Universal Sd-shell Hamiltonian 
(USDA) and W Hamiltonians for proton and neutron particle orbits in SDPN model space. The calculated 
energy levels and reduced electric quadrupole transition probabilities B(E2;↓) are in reasonably 
agreement with available empirical data. New energy levels have been predicted for all the isotopes in 
this work. Many unconfirmed experimental energy levels were confirmed by our calculations. 
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INTRODUCTION 
  
The shell model (SM) has long been shown to be the 
main key to understanding nuclear structure. It provides 
the theoretical framework for a microscopic description of 
nuclear properties essentially based on the use of 
effective interactions. In fact, as well known, within the 
shell-model approach only the particles outside a core 
made up of filled shells (valence particles) are considered 
to be active, and calculations are performed in a 
truncated Hilbert space, the so-called model space (Dean 
et al., 2004; Gargano et al., 2014).The SM has been 
successful in explaining the variation of neutron and 
proton energies and in predicting the observed properties 
of nuclei such as spins, parities and nuclear 
electromagnetic moments in different regions of the 
nuclide chart (Neyens, 2003). The essential assumption 
of   this   model   is   that   neutrons   and   protons   move 

independently in an average potential, interacting with 
each other through a residual interaction of a two-body 
character (Otsuka et al., 2002). The study of low-lying 
excited states of nuclei around double magic shells 
provides information about specific nuclear orbital 
nucleus because few nuclear orbits dominate the 
contribution to their wave functions. This is well proved by 
the attention focused on these nuclei in various recent 
papers (Al-Sammarraie et al., 2015). The calculation of 
transition probabilities in nuclear physics is a problem 
whose magnitude has developed substantially in the last 
decade .This is because we are continually challenged by 
new experimental results in several nuclei. Previous 
studies of low-lying states and transition probabilities for 
isotopes in the sd-shell region were studied (Kaneko et 
al., 2011; Mohammadi et al., 2017). 
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MATERIALS AND METHODS 
 
Brown has been the main person involved in expanding the shell-
model code OXBASH. This code has been ported for different 
flavors of Unix operating systems. Several shell-model codes have 
been developed more recently such as m-scheme code ANTOINE  
and MSHELL and the J -scheme code NATHAN  which are faster 
than ,However, OXBASH remains one of the most versatile of the 
existing codes. It has been extended to include up to about 250 m-
states and 30 j-states. As far as we are aware the faster codes 
mentioned above have only been set up and work e going on to  
extend this OXBASH immediately allows one to do calculations in 
many different model spaces with several hundred existing 
interactions. OXBASH can calculate energies, one- and two-
nucleon spectroscopic factors, one- and two-body transition 
densities and cluster overlaps. The package of programs called 
DENS can be used to generate spherical harmonic-oscillator, 
Woods-Saxon and HF radial wave functions, densities and HF 
binding energies. They can then be combined with the output of 
OXBASH to obtain the transition densities associated with beta 
decay, electromagnetic transitions and electron scattering. 
Together, OXBASH and DENS form a powerful set of tools for 
nuclear structure calculations .The goal of the code OXBASH is to 
reduce the dimensions of the matrix to be diagonalized by 
projecting angular momentum onto the m-scheme basis, and, 
therefore, focusing on states with definite angular momentum and 
isospin if desired and parity (Brown and Wildenthal,1988).  

The allowable angular momentum states for two particles 
calculate from two theorems (Hasan and Hussain, 2013). 
 
First theorem: if two identical particles in the same single particle 

orbit j (j half integer) can only couple their spins to even values of  :- 
 
             (    )                                                           (1) 
 
Second theorem: for two particles in the states j1 and j2 (j1≠ j2 )the 
allowable angular momentum values are: 

 
                                 |       |                        (2) 

 
The phenomenological Hamiltonians fit their two-body matrix 
elements (TBME) to the nuclear structure data, especially the 
binding energies and energy levels. Shell-model calculations are 
forwarded through the programe OXBASH, if the two particles 
occupy the same levels, the energy relative to the closed shell is: 

 
⟨    | |    ⟩      ⟨  | |  ⟩                                                      (3) 

 
where    is the single-particle energy and   ⟨  | |  ⟩   is the matrix 

element of the residual two-body interaction in same orbit j.  
We assume there are two states denoted by |            

    |              , then the energies with respect to the core are 
given by: 

 
〈 〉           ⟨    | (   )|    ⟩  

                                               (4) 

 
〈 〉           ⟨    | (   )|    ⟩  

                                               (5) 

 
The equations (4 and 5) to calculate the energies that consider only 
pure configuration states .However , the nucleons may be scattered 
from one state|                |              mixture of state must 
give the actual state. This mean that a term like〈 〉   should be 
added to equations (4 and 5), which can be written as: 

 
〈 〉   〈 〉   ⟨    | |    ⟩                                                           (6) 
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The equations from (1 to 6) the oxbash program is ability to 
calculate them by executing certain commands after selecting the 
effective interaction and the space model to suit the selected 
isotopes in the study .So, we plan to continue to develop and refine 
this program. 

 
 
RESULTS AND DISCUSSION 
 
We can describe the energy levels spectrum for (SDPN) 
model space with 

18-20
F isotopes at the configurations 

0d5/2,1s1/2 and 0d3/2 above the 
16

O close core by using 
USDA and W Hamiltonians. In present work, we have used 
the OXBASH code in both m-scheme and jj-coupling. This 
program is a set of codes for carrying out shell-model 
calculations with dimensions up to about 50,000 in the J-
T scheme and about 2,000,000 in the M-scheme. Oxbash 
comes with a library of model spaces and interactions 
(Hasan and Kareem, 2016). For light nuclei, there are various 
effective interactions such as USDA and W interactions. 
The universal Hamiltonian (USDA) was obtained from a 

least square fit of 380 energy data with experimental errors 
of 0.2 MeV or less from 66 nuclei (Brown and Wildenthal, 
1988). The data were fitted from the lower and upper parts of 

the sd-shell by supposing that the simple mass dependence 
for the matrix elements was within (Wang et al., 2014): 
 

P

JT

JT

AAjjVjj

A
AjjVjj

)
18

(
18)(

)(

4321

4321


                   

                        (7) 

 
Where A is mass number and P is equal to 0.3.

 

Brown and co-workers modified USD type Hamiltonian 
to USDA specified by 63 two body matrix element and 
three single particle energies for 0d5/2 0d3/2 and 1s1/2. The 

values are derived from the renormalized G matrix with 
modifications needed to reproduce the experimental binding 
energies and excitation energies for nuclei in the region A 
= 16 - 40 (Brown and Richter, 2006). The single-particle 
energies in unit MeV for protons and neutrons with 

18
F, 

19
F and 

20
F nuclei are 1.980, -3.944 and-3.061 as well as 

2.112, -3.926 and -3.208 for USDA interaction and for 
1.647, -3.948 and -3.164 for W interaction. The object of 
this present study is to calculate energy levels and reduced 

electric quadrupole transition probabilities B(E2;↓) by 
employing harmonic oscillator potential (HO, b), b<0 all 
isotopes and W and USDA interactions. The effects of core 

polarization have been taken into account in the calculations 
by effective charges of both protons and neutrons.

 

 
 
Energy spectrum  
 
Tables 1 and 2 show the comparison between theoretical 
and available experimental data of

18
F nucleus (Tilley et 

al., 1995). The ground state of 
18

F nucleus is a close 
16

O 
core plus two nucleons distributed as one proton and one 
neutron in SDPN space at 0d5/2,1s1/2 and 0d3/2 

configurations. Energy levels of 
18

F nucleus are  correctly
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Table 1. Comparison of calculated spectra and experimental for
 18

F nucleus by using USDA interaction. 
 

E(cal.)MeV J
π
 E(exp.)* MeV J

π
 

0 11
+
 0 1

+
 

0.830 31
+
 0.937 3

+
 

1.110 51
+
 1.121 5

+
 

1.592 01
+
 1.041 0

+
 

3.614 21
+
 2.523 2

+
 

3.975 22
+
 3.061 2

+
 

4.206 12
+
 1.700 1

+
 

4.925 32
+
 3.358 3

+
 

4.946 41
+
 4.652 4

+
 

5.743 23
+
 3.839 2

+
 

5.865 02
+
 4.753 0

+
 

6.630 13
+
 3.724 1

+
 

6.950 42
+
 5.297 4

+
 

6.980 33
+
 4.115 3

+
 

7.502 24
+
 4.963 2

+
 

9.571 14
+
 4.360 1

+
 

9.874 34
+
 6.163 3

+
 

10.496 43
+
 6.777 4

+
 

11.547 25
+
 6.283 2

+
 

11.660 15
+
 6.262 1

+
 

11.823 26
+
 10.580 ------- 

11.934 35
+
 ------- ------- 

12.587 27
+
 ------- ------- 

12.613 16
+
 ------- ------- 

15.377 36
+
 ------- ------- 

16.284 17
+
 ------- ------- 

16.799 03
+
 ------- ------- 

17.345 28
+
 ------- ------- 

 
 
 
reproduced by using USDA and W results. Both USDA 
and W Hamiltonians agree reasonable well with empirical 
data. In the first sequences for energy spectra of USDA 
and W interactions, we predicted good corresponding for 
states 11

+
,31

+
,51

+
,01

+
 and 41

+
 with empirical values. 

Experimentally, the excited level 21
+
 was lower in energy 

than from theoretical value in both interactions. But in the 
second sequences of energy levels, we expected the 
states 32

+
,02

+
 and 42

+
 were rather close to the 

experimental data, but the ordering of the 22
+
 and 12

+
 

states appear in experiment were reversed than the 
theoretical expected for the two interactions. While at the 
third sequence of energy levels, the order of 23

+
 and 13

+
 

states was reversed in the experiment. New level 03
+

 was 
expected in both interactions which did not appear in the 
experiment. In other sequences, the state 26

+
 

corresponds with the experimental value of both USDA 
and W interactions. New energy levels were predicted for 
the states 35

+
,27

+
 ,16

+
,36

+
,17

+
,and 28

+
; for USDA 

interaction at energies11.934, 12.587, 12.613, 15.377, 
16.284 and 17.345 MeV respectively, but for W 

interaction at energies 11.749, 12.122, 12.535, 15.345, 
15.405 and 16.887 MeV; 35

+
,27

+
,16

+
, 17

+
,36

+
 and 28

+
 

states were not observed in the experimental data.  
The calculated energy levels and experimental results 

of low-lying states in the 
19

F nucleus are presented in 
Tables 3 and 4. The 

19
F nucleus contains one proton and 

two neutrons over the 
16

o core in SDPN space at 
0d5/2,1s1/2 and 0d3/2 configurations. The excited levels in 
USDA and W calculations of the first sequence 
corresponded well with some of the experimental values 
(Tilley et al., 1995), except the 5/21

+
 level which appears 

lower in energy than the experimental value. Good 
agreement was found in the USDA and W results for 
energy levels in the second sequence with the empirical 
values, except the 3/22

+
 state in the experimental data, 

which appears lower in energy than the theoretical 
expected in both two interactions. The excited states 
5/22

+
,7/22

+
,1/22

+
,11/22

+ 
and 13/22

+
 in both interactions 

agree with the experimental values. In the three 
sequence for energy levels, we predicted that they 
correspond with the available experimental data of the
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Table 2. Comparison of calculated spectra and experimental for 
18

F nucleus by using W interaction. 
 

E(cal.)MeV J
π
 E(exp.)*MeV J

π
 

0 11
+
 0 1

+
 

1.153 31
+
 0.937 3

+
 

1.194 01
+
 1.041 0

+
 

1.241 51
+
 1. 121 5

+
 

3.373 21
+
 2.523 2

+
 

4.087 22
+
 3.061 2

+
 

4.108 12
+
 1.700 1

+
 

4.289 32
+
 3.358 3

+
 

4.976 41
+
 4.652 4

+
 

5.514 02
+
 4.753 0

+
 

5.633 23
+
 3.839 2

+
 

6.271 13
+
 3.724 1

+
 

6.557 42
+
 5.297 4

+
 

6.920 33
+
 4.115 3

+
 

7.213 24
+
 4.963 2

+
 

9.243 14
+
 4.360 1

+
 

9.815 34
+
 6.163 3

+
 

9.943 43
+
 6.777 4

+
 

10.660 25
+
 6.283 2

+
 

10.770 26
+
 10.580 2

+
 

11.749 35
+
 ------- ------- 

12.017 15
+
 6.262 1

+
 

12.122 27
+
 ------- ------- 

12.535 16
+
 ------- ------- 

15.329 03
+
 ------- ------- 

15.345 17
+
 ------- ------- 

15.405 36
+
 ------- ------- 

16.887 28
+
 ------- ------- 

 

*Tilley et al., 1995. 

 
 
 

Table 3. Comparison of calculated spectra and experimental for
 19

F nucleus by using USDA interaction. 
 

E(cal.)MeV J
π
 E(exp.)* MeV J

π
 

0 1/21
+
 0 1/2

+
 

0.047 5/21
+
 0.197 5/2

+
 

1.675 3/21
+
 1.554 3/2

+
 

2.521 9/21
+
 2.779 9/2

+
 

4.439 13/21
+
 4.648 13/2

+
 

4.806 7/21
+
 4.377 7/2

+
 

4.818 5/22
+
 4.549 5/2

+
 

5.894 7/22
+
 5.463 7/2

+
 

6.131 1/22
+
 5.938 1/2

+
 

6.228 5/23
+
 5.106 5/2

+
 

6.288 11/21
+
 6.500 11/2

+
 

6.357 7/23
+
 6.070 7/2

+
 

6.951 3/22
+
 3.908 3/2

+
 

7.074 9/22
+
 6.592 9/2

+
 

7.446 3/23
+
 5.500 3/2

+
 

7.903 5/24
+
 5.535 5/2

+
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Table 3. Contd. 
 

7.922 5/25
+
 6.282 5/2

+
 

8.181 3/24
+
 6.496 3/2

+
 

8.199 9/23
+
 7.929 7/2

+
, 9/2

+
 

8.283 7/24
+
 6.330 7/2

+
 

8.357 11/22
+
 7.937 11/2

+
 

8.416 3/25
+
 6.527 3/2

+
 

8.544 5/26
+
 6.838 5/2

+
 

8.885 1/23
+
 6.255 1/2

+
 

8.999 5/27
+
 7.539 5/2

+
 

9.326 1/24
+
 7.364 1/2

+
 

9.841 1/25
+
 8.137 1/2

+
 

10.189 9/24
+
 9.101 9/2

+
 

10.259 7/25
+
 7.114 7/2

+
 

10.271 13/22
+
 9.834 11/2,13/2,15/2 

10.359 3/26
+
 7.262 3/2

+
 

10.566 11/23
+
 10.365 11/2

+
 

10.824 7/26
+
 7.560 7/2

+
 

10.850 1/26
+
 8.650 1/2

+
 

10.904 5/28
+
 8.014 5/2

+
 

10.927 3/27
+
 7.660 3/2

+
 

11.005 9/25
+
 9.710 9/2

+
 

11.265 5/29
+
 8.310 5/2

+
 

11.277 7/27
+
 8.370 7/2

+
 

11.462 5/210
+
 8.583 5/2

+
 

11.521 3/28
+
 9.318 3/2

+
 

11.530 7/28
+
 9.509 7/2

+
 

11.653 3/29
+
 9.667 3/2

+
 

11.803 9/26
+
 9.926 9/2

+
 

11.898 1/27
+
 8.793 1/2

+
 

12.241 3/210
+
 10.308 3/2

+
 

12.591 11/24
+
 ------- ------- 

12.602 7/29
+
 9.586 7/2

+
 

12.976 7/210
+
 ------- ------- 

12.978 9/27
+
 13.170 ------- 

13.884 9/28
+
 ------- ------- 

14.368 9/29
+
 14.240 ------- 

14.489 1/28
+
 9.167 1/2

+
 

15.056 1/29
+
 15.000 ------- 

15.665 1/210
+
 15.560 ------- 

15.840 9/210
+
 ------- ------- 

15.851 11/25
+
 16.090 ------- 

18.257 11/26
+
 18.920 ------- 

 
 
 

states, 7/23
+
 and 9/23

+
 at energies of 6.070 and7.929 

MeV respectively for W interaction results, but the energy 
value, 9.834 MeV of 11/23

+
 state in both two interactions 

correspond with the empirical value. In another sequence, 
the state 11/24

+ 
at four sequence of energy levels for the 

USDA and W results with energy values of 12.591 and 
12.739 MeV respectively was not specified experimentally. 
We predicted that the 11/25

+
 state identified with the 

experimental value of 16.090 MeV in the five sequence 
for energy states. The USDA and W results in the six 
sequence identified the 11/26

+
 state with energy of 18.920 

MeV, which was non- empirical data. The experimental 
energy states with values of 13.170, 14.240, 15.000 and 

15.560 MeV identified with 9/27
+
, 9/28

+
,1/29

+
 and 1/210

+
 states 

which agrees with the theoretical prediction for the two 
interactions in this present study, but unidentified at spins.   
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Table 4. Comparison of calculated spectra and experimental for
 19

F nucleus by using W interaction. 
 

E(cal.)MeV J
π
 E(exp.)*MeV J

π
 

0 1/21
+
 0 1/2

+
 

0.099 5/22
+
 0.197 5/2

+
 

1.698 3/21
+
 1.554 3/2

+
 

2.810 9/21
+
 2.779 9/2

+
 

4.789 13/21
+
 4.648 13/2

+
 

4.872 7/21
+
 4.377 7/2

+
 

5.155 5/22
+
 4.549 5/2

+
 

5.901 7/22
+
 5.463 7/2

+
 

6.084 1/22
+
 5.938 1/2

+
 

6.296 7/23
+
 6.070 7/2

+
 

6.374 5/23
+
 5.106 5/2

+
 

6.627 3/22
+
 3.908 3/2

+
 

6.730 11/21
+
 6.500 11/2

+
 

6.843 9/22
+
 6.592 9/2

+
 

7.286 5/24
+
 5.535 5/2

+
 

7.564 5/25
+
 6.282 5/2

+
 

7.729 3/23
+
 5.500 3/2

+
 

7.818 5/26
+
 6.838 5/2

+
 

7.820 1/23
+
 6.255 1/2

+
 

7.988 9/23
+
 7.929 7/2,9/2

+
 

8.070 11/22
+
 7.937 11/2

+
 

8.112 3/24
+
 6.496 3/2

+
 

8.417 3/25
+
 6.527 3/2

+
 

9.198 7/24
+
 6.330 7/2 

9.287 1/24
+
 7.364 1/2

+
 

9.324 7/25
+
 7.114 7/2

+
 

9.499 5/27
+
 7.539 5/2

+
 

9.738 3/26
+
 7.262 3/2

+
 

9.834 1/25
+
 8.137 1/2

+
 

9.887 13/22
+
 9.834 11/2,13/2,15/2 

10.089 5/28
+
 8.014 5/2

+
 

10.294 9/24
+
 9.101 7/2

+
,9/2

+
 

10.556 3/27
+
 7.660 3/2

+
 

10.581 11/23
+
 10.365 11/2

+
 

10.777 9/25
+
 9.710 9/2

+
 

10.778 7/26
+
 7.560 7/2

+
 

10.890 7/27
+
 8.370 7/2,5/2

+
 

10.985 5/29
+
 8.310 5/2

+
 

11.273 5/210
+
 8.583 5/2

+
 

11.565 3/28
+
 9.318 3/2

+
 

11.572 3/29
+
 9.667 3/2

+
 

11.852 1/26
+
 8.650 1/2

+
 

12.033 9/26
+
 9.926 9/2

+
 

12.043 7/28
+
 11.930 ------- 

12.073 3/210
+
 10.308 3/2

+
 

12.156 7/29
+
 ------- ------- 

12.418 1/27
+
 8.793 1/2

+
 

12.664 7/210
+
 ------- ------- 

12.739 11/24
+
 ------- ------- 

12.992 9/27
+
 13.170 ------- 

13.158 1/28
+
 9.167 1/2

+
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Table 4. Contd. 
 

13.582 9/28
+
 ------- ------- 

14.064 9/29
+
 14.240 ------- 

14.945 1/29
+
 15.000 ------- 

15.150 9/210
+
 ------- ------- 

15.370 11/25
+
 16.090 ------- 

15.560 1/210
+
 15.560 ------- 

17.840 11/26
+
 18.920 ------- 

 

*Tilley et al., 1995. 
 
 
 

According to the shell model, the ground state of 
20

F 
nucleus, a close

16
o core with four nucleons has one 

proton and three neutrons distribution in SDPN space at 
0d5/2, 1s1/2 and 0d3/2 configurations. For this nucleus, as 
illustrated in Tables 5 and 6, the order of first sequence 
for the excited states is well reproduced. In USDA 
interaction, the 41

+ 
state corresponds with the 

experimental value. While in W interaction, 11
+
 and 01

+
 

states agree reasonably with the experimental values 
(Tilley et al., 1998). The 71

+
,61

+
 and 81

+
 states identified 

for experimental values of 4.208,4.518 and 9.200 MeV 
respectively, which agrees with the theoretical prediction 
in both two interactions. In the second sequence, the 
order of energy states is well reproduced with the 
empirical states of W interaction .While in USDA 
interaction, the 32

+
 state is higher in energy than the 

experimental values. W interaction results predicted that 
the 22

+
and 02

+ 
states correspond well with the 

experimental values and also confirm the experimental 
states 32

+
 and 52

+
 which agree with the experimental values 

from the theoretical results predicted. Experimentally, the 
energy 6.458 MeV was identified with the 62

+
 state from 

our calculations in both interactions in this study. New 
level at 72

+
 state is predicted in USDA and W interactions. 

For the third sequence of energy states, 33
+
 experimental 

state corresponds with the USDA and W predicted. There 
are many unconfirmed values of the experimental data 
after the 33

+
 state have been not affirmed in our 

theoretical results at the levels 3.586, 4.509 and 5.310 
MeV. Excited experimental levels, 6.391, 8.113 and 
8.349 MeV identified with the states 53

+
, 03

+
 and 63

+
, 

respectively theoretically, which appears to have a 
reasonable agreement at energies with USDA and W 
predicted. Shell model predicted for USDA and W results 
with empirical values for another sequences has good 
agreement. The experimental levels 3.761, 5.066 and 5.555 
MeV affirmed with the 34

+
, 24

+ and 14
+
 states, which agrees 

at energies with the USDA predicted than the W predicted. 
The experimental values at energies 6.111, 7.232, 8.500, 
9.850 and 12.000 MeV were identified with the states 44

+
, 

54
+
, 04

+
, 64

+
 and 74

+
, which agrees well with the USDA 

predicted. The agreement between the experimental values 
5.319, 5.465 and 5.810 MeV with W results is good and 
also confirmed the 15

+
 state of the energy 5.810 MeV. 

USDA and W calculations, identified the 45
+
,  55

+
  and  05

+
 

states for the experimental data 6.936, 8.062 and 11.490 
MeV. In both interactions, there is a new level at the 75

+ 

state, which is not found in the experimental data. The excited 
level 26

+ 
was expected rather close to the experimental 

value by the USDA interaction predicted. There are many 
unconfirmed states of the experimental values 5.764 and 
7.080 MeV after the 26

+ 
state was confirmed in our results 

with the 36
+
 and 16

+
. The excited experimental energies 

7.283, 8.940 and 12.200 MeV were identified with the 
46

+
,56

+
 and 66

+
 states for two interactions. The 27

+
state at 

energy 6.856 MeV was rather close to the USDA results 
predicted than the W predicted. The levels after the 27

+
 

level were unconfirmed at spins experimentally, which 
affirmed theoretically with the states 37

+
 and 17

+
. The 

experimental energy values 8.421, 9.650, 12.700 and 
13.200 MeV agree with USDA expected and specified 
with the states 47

+
,57

+
,67

+
and 07

+
 from our theoretical 

results. Affirmed, the parity of the experimental 7.166 
MeV energy value which slightly close to for W predicted. 
Identified, the parity of experimental energy 7.985 MeV 
which agrees with USDA result than from W result predicted.  

The experimental values at the energies 7.734, 9.010 
and 10.100 MeV were specified with the 38

+
, 48

+
 and 58

+
 

states from our theoretical result, which corresponds with 
the USDA predicted. New level at 08

+ 
in both two 

interactions was not indicated in the experiment. The 
agreement between the experimental values 8.147, 
8.720, 9.520, 10.807 and 14.000 MeV and USDA 
expected is good; we also specified these levels with 39

+
, 

19
+
, 49

+
, 59

+
 and 69

+
 states from our calculations predicted. 

The experimental level 7.655 MeV at spin 2
+
 was 

confirmed which agrees with the W predicted. While the 
09

+
 was a new level which no indication experimentally. 

Experimentally, the level 8.050 MeV was rather close to 
the energy value for W result. While the energy values 

8.770, 9.830 and 10.024 MeV agree well with the USDA 

predicted and identified with the 310
+
, 410

+
 and 110

+
  states 

in our theoretical calculations predicted.  
 
 
Reduced electric quadrupole transition probability 
B (E2; ↓) values  
 
The transition rates represent a sensitive test for the most 
modern effective interactions that  have  been  developed
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Table 5. Comparison of calculated spectra and experimental for
 20

F nucleus by using USDA interaction. 
 

E(cal.)MeV J
π
 E(exp.)* MeV J

π
 

0 21
+ 

0 2
+
 

0.580 31
+ 

0.656 3
+
 

0.814 41
+ 

0.822 4
+
 

1.217 11
+ 

1.056 1
+
 

1.741 51
+ 

1.823 5
+
 

2.243 32
+ 

2.194 (3
+
) 

2.300 22
+ 

2.043 2
+
 

2.967 33
+ 

2.966 3
+
 

3.446 12
+ 

3.488 1
+
 

3.701 34
+ 

3.761 (2
-
,3

+
) 

3.715 23
+ 

3.586 (1,2)
 +

 

3.936 42
+ 

4.199 ------- 

4.150 01
+ 

3.526 0
+
 

4.269 71
+
 4.208 ------- 

4.513 61
+ 

4.518 ------- 

4.746 13
+ 

4.509 1
+
,(2

+
) 

5.046 24
+ 

5.066 (1
-
,2,3

-
) 

5.218 52
+ 

4.731 (3
-
,4,5

+
) 

5.521 25
+ 

5.319 0,1,2 

5.549 14
+ 

5.555 1,2
+
 

5.754 43
+ 

5.310 (2
-
,3,4

+
) 

5.874 35
+ 

5.465 (1,2,3
 
)
 +

 

6.055 15
+ 

5.810 (1
+
) 

6.135 26
+ 

6.044 0,1,2 

6.151 44
+ 

6.111 ------- 

6.465 53
+ 

6.391 ------- 

6.555 62
+ 

6.458 ------- 

6.900 27
+ 

6.856 2 

6.980 02
+ 

6.519 0
+
 

7.035 36
+ 

5.764 (3
+
) 

7.093 45
+ 

6.936 ------- 

7.231 16
+ 

7.080 (1
+
) 

7.357 37
+ 

6.766 (2
-
,3,4

+
) 

7.367 17
+ 

7.319 (1) 

7.513 46
+ 

7.283 ------- 

7.543 28
+ 

7.166 2(
+
) 

7.611 72
+ 

------- ------- 

7.621 54
+ 

7.232 ------- 

7.862 18
+ 

7.985 1 

7.874 38
+ 

7.734 ------- 

8.023 03
+ 

8.113 ------- 

8.097 55
+ 

8.062 ------- 

8.195 39
+ 

8.147 ------- 

8.482 47
+ 

8.421 ------- 

8.521 29
+ 

7.655 (2
+
) 

8.536 210
+ 

8.050 2
+
 

8.558 63
+ 

8.349 ------- 

8.586 04
+ 

8.500 ------- 

8.746 19
+ 

8.720 ------- 

8.775 310
+ 

8.770 ------- 

8.846 56
+ 

8.940 ------- 
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Table 5. Contd. 

 

9.054 48
+ 

9.010 ------- 

9.397 81
+ 

9.200 ------- 

9.476 49
+ 

9.520 ------- 

9.543 57
+ 

9.650 ------- 

9.828 410
+ 

9.830 ------- 

9.843 64
+ 

9.850 ------- 

10.017 110
+ 

10.024 ------- 

10.107 58
+ 

10.100 ------- 

10.496 65
+ 

------- ------- 

10.746 59
+ 

10.807 ------- 

11.688 05
+ 

11.490 ------- 

11.736 510
+ 

------- ------- 

11.829 73
+ 

------- ------- 

11.867 06
+ 

------- ------- 

12.109 74
+ 

12.000 ------- 

12.127 66
+ 

12.200 ------- 

12.880 67
+ 

12.700 ------- 

13.143 07
+ 

13.200 ------- 

13.559 68
+ 

------- ------- 

13.820 75
+ 

------- ------- 

14.328 69
+ 

14.000 ------- 

14.838 08
+ 

------- ------- 

15.255 610
+ 

------- ------- 

16.088 09
+ 

------- ------- 

17.133 010
+ 

------- ------- 

17.384 76
+ 

------- ------- 

17.638 77
+ 

------- ------- 
 
 
 

Table 6. Comparison of calculated spectra and experimental for
 20

F nucleus by using W interaction. 
 

E(cal.)MeV J
π
 E(exp.)* MeV J

π
 

0 21
+
 0 2

+
 

0.597 31
+
 0.656 3

+
 

0.736 41
+
 0.822 4

+
 

1.047 11
+
 1.056 1

+
 

1.741 51
+
 1.823 5

+
 

2.092 22
+
 2.043 2

+
 

2.194 32
+
 2.194 (3

+
) 

2.893 33
+
 2.966 3

+
 

3.345 12
+
 3.488 1

+
 

3.358 23
+
 3.586 (1,2

+
) 

3.479 34
+
 3.761 (2

-
,3

+
) 

3.486 01
+
 3.526 0

+
 

3.797 42
+
 4.199 ------- 

4.454 71
+
 4.208 ------- 

4.520 61
+
 4.518 ------- 

4.574 24
+
 5.066 (1

-
,2,3

-
) 

4.879 13
+
 4.509 1,(2

+
) 

5.209 14
+
 5.555 1,2

+
 

5.309 52
+
 4.731 (3

-
,4,5

+
) 

5.444 25
+
 5.319 0,1,2 
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Table 6. Contd. 
 

5.444 35
+
 5.465 (1,2,3 ) 

+
 

5.461 43
+
 5.310 (2

-
,3,4

+
) 

5.594 26
+
 6.044 0,1,2 

5.636 44
+
 6.111 ------- 

5.709 15
+
 5.810 (1

+
) 

6.122 62
+
 6.458 ------- 

6.217 53
+
 6.391 ------- 

6.477 36
+
 5.764

+
 (3) 

6.489 16
+
 7.080 (1

+
) 

6.516 02
+
 6.519 0

+
 

6.539 27
+
 6.856 2 

6.643 45
+
 6.936 ------ 

6.913 28
+
 7.166 2(

+
) 

6.957 37
+
 6.766 (2

-
,3,4

+
) 

6.963 17
+
 7.319 (1) 

7.116 18
+
 7.985 1 

7.146 46
+
 7.283 ------ 

7.402 54
+
 7.232 ------ 

7.448 03
+
 8.113 ------ 

7.465 38
+
 7.734 ------ 

7.563 72
+
 ------ ------ 

7.604 55
+
 8.062 ------ 

7.666 39
+
 8.147 ------ 

7.746 29
+
 7.655 (2

+
) 

7.796 47
+
 8.421 ------ 

7.878 210
+
 8.050 2

+
 

8.161 310
+
 8.770 ------- 

8.212 63
+
 8.349 ------- 

8.294 56
+
 8.940 ------- 

8.389 48
+
 9.010 ------- 

8.555 19
+
 8.720 ------- 

8.807 04
+
 8.500 ------- 

8.810 81
+
 9.200 ------- 

8.849 57
+
 9.650 ------- 

8.975 64
+
 9.850 ------- 

9.113 110
+
 10.024 ------- 

9.302 49
+
 9.520 ------- 

9.557 410
+
 9.830 ------- 

9.649 58
+
 10.100 ------- 

9.725 05
+
 11.490 ------- 

10.646 59
+
 10.807 ------- 

10.804 65
+
 ------- ------- 

11.044 510
+
 ------- ------- 

11.552 06
+
 ------- ------- 

11.574 66
+
 12.200 ------- 

11.623 73
+
 ------- ------- 

11.737 74
+
 12.000 ------- 

12.455 67
+
 12.700 ------- 

12.997 75
+
 ------- ------- 

13.101 68
+
 ------- ------- 

13.125 07
+
 13.200 ------- 

13.996 69
+
 14.000 ------- 
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Table 6. Contd. 
 

14.101 610
+
 ------- ------- 

14.157 08
+
 ------- ------- 

15.639 09
+
 ------- ------- 

15.983 010
+
 ------- ------- 

16.684 76
+
 ------- ------- 

16.942 77
+
 ------- ------- 

 

*Tilley et al., 1998. 
 
 
 

Table 7. B(E2) results in unit e
2
 fm

4
 for

 18-20
F isotopes. 

 

Isotopes (Ji
π
 → Jf

 π
 ) 

Cal. results 
Exp*. results 

USDA W 

18
F 

31
+
→11

+ 
18.25

 
18.53 16.25±2 

51
+
→31

+ 
16.49

 
16.68 16.169±25 

21
+
→11

 
0.7873×10

-1 
0.5472×10

-1
 ------- 

31
+
→21

+ 
0.8013

 
0.6146 ------- 

21
+
→01

+ 
13.92

 
14.91 ------- 

41
+
→31

+ 
0.4445×10

-2 
0.36×10

-3
 ------- 

41
+
 →51

+ 
2.197

 
2.146 ------- 

41
+
→21

+ 
11.68

 
11.54 ------- 

     

19
F

 

5/21
+
→1/21

+
 20.95

 
21.08 20.93±8 

9/21
+
→5/21

+ 
20.27 20.14 24.69±9 

7/21
+
→3/21

+ 
0.6522×10

-1 
0.7298 ------- 

7/21
+
→5/21

+ 
0.4107 0.9954 ------- 

7/21
+
 →9/21

+ 
5.762 4.345 ------- 

13/21
+
→9/21

+ 
14.60 13.64 9.636±4 

11/21
+
→9/21

+ 
0.8534×10

-1
 0.7335×10

-2
 ------- 

11/21
+
→13/21

+ 
6.418 6.135 ------- 

11/21
+
 →7/21

+ 
4.512 4.120 ------- 

     

20
F

 

31
+
→21

+ 
 104.6 100.3 ------- 

41
+
→21

+
 37.91

 
39.12 8.9002±29 

41
+
→31

+
 64.51 63.55 ------- 

11
+
→21

+
 46.78 52.58 ------- 

11
+
→31

+
 36.04 37.12 ------- 

51
+
→31

+
 57.38 56.62 ------- 

51
+
→41

+
 46.39 45.02 ------- 

01
+
→21

+
 2.935 4.581 ------- 

71
+
→51

+
 42.84 41.13 ------- 

61
+
→71

+
 31.07 28.43 ------- 

61
+
→41

+
 42.44 46.67 ------- 

61
+
→ 51

+
 11.77 12.31 ------- 

81
+
→61

+
 14.91 20.23 ------- 

81
+
→71

+
 9.801 10.78 ------- 

 

*Tilley et al., 1995, 1998. 
 
 
 

to describe sd-shell nuclei. The transition probability 
calculation in this present work was carried out using the 
harmonic oscillator potential (HO, b), where b < 0 for 
each in-band transition and application USDA and W 

interactions for 
18

F, 
19

F and 
20

F nuclei at SDPN model 
space. In general, the calculated results agree reasonably 
well for all the nuclei in this paper with available 
experimental data (Tilley et al., 1995, 1998) (Table 7). 



 
 
 
 
Conclusions  

  
In this paper, the agreement between theoretical and 
experimental levels is satisfactory for excitation energies 
and transition probabilities B(E2; ↓). There are many 
unconfirmed experimental energy levels confirmed by our 
calculations and new values for B(E2; ↓) which were not 
indicated in the experimental data .The choice of model 
space SDPN and (USDA and W) effective interactions 
are adequate in this mass region. The theoretical 
calculations for nuclear shell model by using OXBASH 
code for windows reasonably agree with the experimental 
data. This indicates that the shell model is very good to 
describe the nuclear structure for 

18
F, 

19
F and 

20
F nuclei. 
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