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Abstract: We examine the elastic scattering cross sections of 15N projectile on 7Li, 9Be, 10B, 11B, 12C, 13C and 27Al targets. The

real part of the optical model potential is obtained for eight different density distributions of the 15N nucleus by using the double

folding model with the M3Y interaction. The imaginary part of the optical potential is evaluated as the phenomenological Woods-

Saxon potential. A good agreement between theoretical results and experimental data is achieved. Finally, new and practical analytical

expressions for imaginary potential depths of each density examined with this study are given, for the first time. These equations will

be useable in the calculations of the nuclear interactions with the 15N nucleus.
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1 Introduction

The 15N nucleus is one of sixteen isotopes of nitrogen. It
has 1/2 spin and negative parity. The 14N and 15N nuclei
are rare stable isotopes of nitrogen [1]. 15N has low
thermal neutron capture cross sections [1]. Also, the 15N
nucleus is applied to nuclear magnetic resonance
spectroscopy (NMR) owing to a fractional spin [2].
Therefore, the analysis of 15N nucleus reactions is still an
important subject in the field of nuclear physics.

Nuclear reactions are a significant tool in
understanding the nuclear structure. Elastic scattering is
extensively used for this purpose. The elastic scattering
studies of 15N nucleus by different target nuclei can be
found from the literature. In this respect, Rudchik et al.
[3,4] measured the elastic scattering of 15N from 7Li and
9Be at incident energies of 81 and 84 MeV, respectively.
These data are analyzed with the coupled reaction
channels (CRC) method. Burtebayev et al. [5] measured
the elastic scattering experimental data of 15N + 10,11B
reactions at Elab=43 MeV. They applied the optical and
the double folding models in order to explain the
experimental data theoretically. Rudchik et al. [6]

achieved the experimental data of the elastic scattering of
15N + 12C reaction at Elab=81 MeV. Gamp et al. [7]
reported the elastic scattering data of 15N + 13C reaction
at Elab=30, 32 and 45 MeV. Prosser et al. [8] presented the
elastic data of 15N + 27Al reaction at Ec.m.=21.1, 30.8,
39.9 and 44.9 MeV. They analyzed the experimental data
for the fixed depths of real and imaginary potentials and
variable values of the potentials by using the optical
model.

The density distribution is necessary in defining both
structural and nuclear interactions of nuclei. Therefore,
there has always been a quest for different density
distributions that describe nuclei in a good way [9,10,11,
12,13]. There are several known density distributions of
the 15N nucleus. However, proposing new density
distributions will be important in defining the 15N nucleus
interactions.

The potential parameters are important inputs in the
theoretical calculations of elastic scattering, inelastic
scattering and transfer reactions. It is desirable to know
these parameters when performing such calculations. In
this context, when we examine 15N reactions over a wide
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range of target nuclei, such a study is so far missing in the
literature

In the present study, we analyze the elastic scattering
angular distributions of 15N projectile by 7Li, 9Be, 10B,
11B, 12C, 13C and 27Al target nuclei at various incident
energies. To produce the real part of the optical model
potential, we use eight different density distributions of
15N. We calculate the elastic cross sections and compare
the theoretical results with the experimental data. Then,
we obtain the values of the optical potential parameters.
With these potential parameters, we obtain new global
sets of the imaginary potential.

The next section shows information on the calculation
procedure. Section 3 presents the parametrization of the
density distributions evaluated in our work. Section 4 gives
the results and discussions. Finally, section 5 provides the
conclusions.

2 Double Folding Model

The theoretical analysis of 15N elastic scattering by
various targets is performed under the optical model.
With this goal, the real part of the optical model potential
is obtained with the help of the double folding model
written as

V (−→r ) =
∫

d−→r 1

∫

d−→r 2ρP(
−→r 1)ρT (

−→r 2)νNN(
−→r −−→r 1 +

−→r 2),

(1)

where ρP(
−→r 1) and ρT (

−→r 2) are the densities of
projectile and target, respectively. The effective
nucleon-nucleon interaction potential νNN is accepted as
the M3Y (Michigan 3 Yukawa) nucleon-nucleon shown
by [14]

νNN(r) = 7999
exp(−4r)

4r
− 2134

exp(−2.5r)
2.5r

+ 276
(

1− 0.005
ELab
Ap

)

δ (r) MeV.

(2)
The imaginary part of the optical model potential is
assumed in the Woods-Saxon form

W (r) =−
W0

1+ exp
(

r−Rw

aw

) , Rw = rw (A
1/3
P +A

1/3
T ) (3)

where W0, rw, and aw are the depth, radius and
diffuseness parameters of the imaginary potential,
respectively. Also, AP and AT are the mass numbers of
projectile and target, respectively. The code FRESCO
[15] is used in the calculations.

3 Parametrization of density distributions of

projectile and target nuclei

3.1 Density distributions of 15N projectile

3.1.1 Ngô - Ngô density distribution

The Ngô - Ngô density distribution is shown by [16,17]

ρ
i
(r) =

ρ0i

1+ exp
(

r−Ci
0.55

) , (i = n, p) (4)

where

ρ
0n
=

3

4π

N

A

1

r3
0n

, ρ
0p
=

3

4π

Z

A

1

r3
0p

. (5)

C, the central radius, is given by

C = R(1−
1

R2
), R =

NRn +ZRp

A
. (6)

Both neutron and proton sharp radii are assumed as

Rn = r0nA1/3, Rp = r0pA1/3, (7)

and

r0n = 1.1375+ 1.875×10−4A, r0p = 1.128 fm.
(8)

The Ngô - Ngô density is given as Ngo in our work.

3.1.2 Gupta density distribution 1

The second density distribution is the two parameter Fermi
(2pF) density presented by

ρ
i
(r) =

ρ0i

1+ exp
(

r−R0i
ai

) , ρ0i =
3Ai

4πR3
0i

(

1+
π2a2

i

R2
0i

)−1

,

(9)
where R0i and ai are half-density radius and surface

thickness parameter, respectively. Gupta et al. [18]
provided R0i and ai expressions given by [19]

R0i = 0.90106+0.10957Ai −0.0013A2
i +7.71458×10−6A3

i −1.62164×10−8 A4
i ,

(10)

ai = 0.34175+0.01234Ai−2.1864×10−4A2
i +1.46388×10−6A3

i −3.24263×10−9A4
i .

(11)

This density is signed as G1 in the present study.
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3.1.3 Gupta density distribution 2

Gupta et al. [20] produced different values of R0i and ai in
the following form

R0i = 0.9543+ 0.0994Ai− 9.8851× 10−4A2
i + 4.8399× 10−6A3

i − 8.4366× 10−9A4
i ,

(12)

ai = 0.3719+ 0.0086Ai− 1.1898× 10−4A2
i + 6.1678× 10−7A3

i − 1.0721× 10−9A4
i .

(13)

The other parameters of this density marked as G2 are
the same as G1 density.

3.1.4 Wesolowski density distribution

Wesolowski [21] proposed different parameters of Fermi
density given by [22]

ρ0 =
3

4πR3
0

(

1+
π2a2

R2
0

)−1

, a = 0.39fm, (14)

R0 = R
′
[

1− (
b

R
′ )

2 +
1

3
(

b

R
′ )

6 + ...

]

, (15)

with

R
′
=

[

1.2−
0.96

A1/3

(

N −Z

A

)]

A1/3, b =
π√
3

a. (16)

This density is indicated as W.

3.1.5 Schechter density distribution

Schechter et al. [23] provided different values of Fermi
parameters as

ρ0 =
0.212

1+ 2.66A−2/3
, R0 = 1.04A1/3, a = 0.54 fm.

(17)

This density is expressed as S.

3.1.6 Moszkowski density distribution

Moszkowski [24] reported 2pF density parameters shown
by

ρ0 = 0.16 nucl./fm3, R0 = 1.15A1/3, a = 0.50 fm.
(18)

Moszkowski density is presented as M.

3.1.7 Harmonic oscillator model density distribution

Another density evaluated in our study is harmonic
oscillator density written as

ρ(r) = ρ0(1+α(
r

a
)2)exp(−(

r

a
)2). (19)

where α=1.290 and a=1.756 [25]. Harmonic oscillator
density is displayed as HO.

3.1.8 Modified harmonic oscillator model density
distribution

The last density investigated with this study is modified
harmonic oscillator density distribution. This density is the
same as the HO density except for α and a free parameters.
In this work, α=1.25 and a=1.81 [25]. Modified harmonic
oscillator density is displayed as MHO.

3.2 Density distributions of target nuclei

The elastic scattering cross sections of the 15N nucleus are
examined for seven different target nuclei which consist of
7Li, 9Be, 10B, 11B, 12C, 13C, and 27Al.

The density of 9Be target is taken as [26]

ρ(r)= (A+BC2r2)exp(−C2r2)+(D+EF2r2)exp(−F2r2),
(20)

where A = 0.0651, B = 0.0398, C = 0.5580,
D = 0.0544, E = 0.0332, and F = 0.4878.

The 13C density is taken as the MHO density in the
following form

ρ(r) = ρ0(1+ ξ
r2

α2
)exp (−

r2

α2
), (21)

where ρ0, ξ and α are 0.1721884, 1.403 and 1.635,
respectively [25].

The densities of 7Li, 10B, 11B, and 12C targets are
produced by

ρ(r) = (ξ + γr2)exp (−β r2). (22)

ξ , γ and β parameters are shown in Table 1.

The density of 27Al target is 2pF density given by

ρ(r) =
ρ0

1+ exp( r−c
z
)
. (23)

ρ0, c and z values are listed in Table 1.
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4 Results and Discussion

The elastic scattering calculations are carried out for eight
different densities of 15N projectile which consist of Ngo,
G1, G2, W, S, M, HO, and MHO. The density distributions
are displayed as a function of r in Fig. 1. In addition to
this, the root mean square (rms) values of these density
distributions are given as compared with the literature in
Table 2.

The parameters of the imaginary potential are
adjusted in order to better reproduce the elastic scattering
cross sections of 15N projectile from different targets. The
same potential geometry for all the systems has been
used. As a result of preliminary investigations at step
intervals of 0.1 and 0.01, rw and aw values have been
taken as 1.30 fm and 0.50 fm, respectively. Convenient
values of W0 have been determined for constant values of
rw and aw. While the theoretical calculations are
performed, the renormalization (NR) values have not been
changed to determine the compatibility of density
distributions with each other. Thus, NR value has been
assumed as unity in all the calculations.

We have obtained the elastic scattering cross sections
of 15N + 7Li reaction for eight different densities of 15N
nucleus at Elab=81 MeV. We have shown the theoretical
results in a comparative form with experimental data in
Fig. 2. We have observed that some density distributions
have given good results at small angles but not at large
angles. Also, we have noticed that the results of some
densities such as G1 and G2 are very similar to each
other. We have obtained the best results for S and M
densities when we have compared the results with each
other.

The elastic scattering cross sections of 15N + 9Be
reaction at Elab=84 MeV have been calculated by using
the double folding model based on the optical model. The
results and experimental data have been compared with
each other in Fig. 3. It has been seen that the results of the
density distributions are very similar to each other at
small angles. On the other hand, differences among the
results have been observed at large angles. The results are
generally consistent with the experimental data except for
the Ngo, S and M densities which are incompatible with
the small angles of the data.

Another reaction examined in our study is 15N + 10B
system. The elastic scattering cross sections that acquired
for eight different densities of 15N projectile at incident
energy of 43 MeV have been shown together with the
experimental data in Fig 4. The theoretical results show a
similar behavior with each other at both small and large
angles. Additionally, it has been observed that the
theoretical results are in good agreement with
experimental data especially for Ngo, S and M densities.

The elastic scattering data of 15N projectile by 11B
target have been obtained by using the double folding
model based on the optical model at Elab=43 MeV. Both
theoretical results and experimental data have been
compared in Fig. 5. While the results of density

Fig. 1: Ngo, G1, G2, W, S, M, HO and MHO density distributions

in logarithmic scale.

distributions show similar behaviors at small angles,
differences appear at large angles. On the other hand, it is
realized that the results of Ngo and M densities are
slightly better than the results of other densities.

The elastic scattering results of 15N + 12C reaction
which are calculated for eight various density
distributions of 15N nucleus at Elab=81 MeV have been
presented together with the experimental data in Fig. 6.
The results of G1 density are in good agreement with the
data at small angles but not at large angles. The results of
S density except for 56◦ < Θ < 70◦ are in very good
agreement with the data. Additionally, the results of Ngo
and S densities are in very good agreement with the
experimental data and are slightly better than the other
density results.

The elastic scattering angular distributions of 15N +
13C reaction have been analyzed by using the double
folding model at Elab=30, 32 and 45 MeV. Both
theoretical results and experimental data have been
compared in Fig. 7. It has been seen that experimental
data have a highly oscillating structure. Therefore, we had
a hard time trying to fit the experimental data in the same
potential geometry. However, we can say that our results
are in harmony with the experimental data. Especially, the
results of Ngo and M densities are more compatible with
experimental data than other densities.

The last reaction examined in our study is 15N + 27Al
system. The elastic scattering cross sections have been
obtained for four different energies such as 32.8, 47.9,
62.0 and 69.8 MeV. It can be seen from Fig. 8 that a good
agreement between theoretical results and experimental
data has been achieved. Especially, the results of G1, G2,
W, and HO densities at 32.8 MeV and the results of G1,
G2, W, HO and MHO densities at 47.9 MeV are in very
good agreement with the data. The behaviors of all
densities at 62.0 and 69.8 MeV are similar to each other
and the results are in good agreement with the data.
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Table 1: The parameters of Gaussian density for 7Li, 10B, 11B, and 12C nuclei, and the parameters of 2pF density for 27Al nucleus.

Gaussian 2pF

Nucleus ξ γ β Ref. Nucleus c z ρ0 Ref.

7Li 0.1387 0.023204 0.3341 [27] 27Al 2.84 0.569 0.2015 [30]
10B 0.15924 0.045519 0.341991 [28]
11B 0.18465 0.052432 0.350133 [28]
12C 0.1644 0.082003 0.3741 [29]

Table 2: The rms radii for Ngo, G1, G2, W, S, M, HO, and MHO density distributions in a comparative manner with literature.

Nucleus Ngo G1 G2 W S M HO MHO Literature

15N 2.784 2.515 2.488 2.559 2.824 2.877 2.580 2.655 2.42±10a , 2.52b, 2.56±10c

2.58d, 2.65e, 2.58f

a From the Glauber model in terms of the optical-limit approximation [31].
b The relativistic mean field (RMF) approach [32].
c Within the framework of the Glauber model [33].
d,e,f Determined in Ref. [25].

Table 3: The cross sections (in mb) obtained for Ngo, G1, G2, W, S, M, HO, and MHO density distributions.

Reaction Energy Ngo G1 G2 W S M HO MHO

(MeV)

15N + 7Li 81 1377 1342 1340 1369 1384 1395 1368 1386
15N + 9Be 84 1460 1433 1425 1435 1466 1485 1443 1455
15N + 10B 43 1255 1186 1177 1189 1263 1274 1198 1217
15N + 11B 43 1301 1238 1230 1241 1317 1326 1248 1268
15N + 12C 81 1434 1394 1381 1398 1438 1451 1405 1416

30 1015 963 953 930 1036 1043 944 970
15N + 13C 32 1067 980 971 970 1075 1073 988 1013

45 1265 1199 1182 1196 1274 1291 1210 1225

32.8 904 824 836 826 917 927 847 868
15N + 27Al 47.9 1447 1349 1324 1319 1457 1451 1347 1395

62.0 1708 1579 1562 1564 1719 1724 1587 1619

69.8 1820 1597 1603 1608 1820 1828 1655 1696

The cross section is one of important observable parts
of nuclear reactions. With this goal, in Table 3, we have
given the cross section values of all the reactions and
densities analyzed with this work. In addition to this, we
have shown the cross sections against E/AP in Fig. 9. We
have observed that the results are in harmony with each
other. We have wanted to compare our results with the
literature values. But, we could not find the cross sections
for these reactions from the literature. As a result of this,

we can say that the cross sections of 15N projectile with
various target nuclei for different densities and energies
will be provided to the literature with this study.

4.1 Analytical expressions

It is important to know the potential parameters in the
nuclear reactions. Therefore, to obtain simple equations
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Fig. 2: The elastic scattering cross sections calculated for Ngo,

G1, G2, W, S, M, HO and MHO density distributions of the
15N + 7Li reaction at ELab=81 MeV in comparison with the

experimental data. The experimental data are taken from Ref. [3].

Fig. 3: Same as Fig. 2, but for 15N + 9Be reaction at ELab=84

MeV. The experimental data are taken from Refs. [4]

giving the imaginary potentials will be useful in the
analysis of elastic scattering cross sections with the help
of folding model calculations. In this context, we achieve
imaginary potential equations by using the potential
parameters obtained from scattering cross section
calculations.

In the present work, we have obtained eight different
imaginary potential equations for eight different density
distributions investigated with this study. These equations
are parameterized in the following forms

Ngo density 99K W Ngo =−31.112+0.279E+
10.099ZT

A
1/3
T

(24)

Fig. 4: Same as Fig. 2, but for 15N + 10B reaction at ELab=43

MeV. The experimental data are taken from Ref. [5].

Fig. 5: Same as Fig. 2, but for 15N + 11B reaction at ELab=43

MeV. The experimental data are taken from Ref. [5].

G1 density 99K W G1 =−5.369+ 0.106E+
3.278ZT

A
1/3
T

(25)

G2 density 99K W G2 =−4.808+ 0.096E+
3.242ZT

A
1/3
T

(26)

W density 99K WW =−5.466+ 0.127E+
2.852ZT

A
1/3
T

(27)
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Fig. 6: Same as Fig. 2, but for 15N + 12C reaction at ELab=81

MeV. The experimental data are taken from Ref. [6].
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Fig. 7: Same as Fig. 2, but for 15N + 13C reaction at ELab=30,

32, and 45 MeV. The experimental data are taken from Ref. [7].

S density 99K W S =−30.745+ 0.267E+
10.306ZT

A
1/3
T

(28)

M density 99K W M =−31.420+ 0.279E+
10.388ZT

A
1/3
T

(29)
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Fig. 8: Same as Fig. 2, but for 15N + 27Al reaction at ELab=32.8,

47.9, 62.0, and 69.8 MeV. The experimental data are taken from

Ref. [8].
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Fig. 9: The cross sections for the calculations with Ngo, G1, G2,
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HO density 99K W HO =−9.817+ 0.147E+
4.213ZT

A
1/3
T

(30)

MHO density 99K W MHO =−14.253+0.170E+
5.678ZT

A
1/3
T
(31)

where E , ZT and AT are the incident energy, atomic
and mass numbers of target, respectively.
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5 Conclusions

We have analyzed the elastic scattering cross sections of
15N projectile on 7Li, 9Be, 10B, 11B, 12C, 13C and 27Al
target nuclei at different incident energies for eight
different densities of 15N such as Ngo, G1, G2, W, S, M,
HO and MHO. In addition to the density distributions
known of 15N nucleus in the literature, we have presented
new density distributions with this study. We have
obtained the theoretical results describing the elastic
scattering experimental data. Also, we have included the
cross sections of 15N projectile with various target nuclei
at different densities and energies into the literature.
Additionally, we have got new imaginary potential
equations for each density distributions examined in the
present work. These equations will be useful in the
analysis of both elastic scattering cross sections based on
the folding model calculations and other nuclear
interactions with 15N nucleus.
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