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Abstract

In this paper, we report resonance energies and quantum defect of the
singlets ls 2p (Pyp)ns P, 15° 2p (P)nd P , 15%2p (*P1p)np 'P, 1s%2p
(®P3p)np 'D and triplets 1522p (°P)ns °Py;, , Rydberg series from the

Published: October 2024 ground state of N** (NIV) ions. Calculations are performed from n =3

K . to n =20 using the Modified Atomic Orbital Theory (MOAT)

ey words:- .

Photoionization, ~ Rydberg  Series, formalism.  Very good agreements are seen between the present

Doubley-Excuted ~ States,  MAOT, calculations and the available theoretical and experimental data. The

Quantum Defect, Atoms and lons present predicted data up to n = 20 may be a great importance for the
atomic physics communityin connection with the understanding of the
chemical evolution of the N element in the Universe.
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Introduction:-

The study of the photoionization of atoms and ions is a fundamental process which is very important in many fields
of astrophysics, notably stars, astrophysical plasmas, fusion with inertial confinement. The photoionization of ions
counteracts plasma opacity and radiation transfer in plasmas [1] [2].

The photoionization of Be-like ions allows to study the electronic correlation of the simple multishell atomic
systems, a large number of studies such as PI cross sections, energies and widths of the doubly excited states and
oscillating forces for beryllium. The isoelectronic sequences have been carried out in recent decades. The
isoelectronic sequences of type Be appear to be a slightly more complicated system than helium and helium ions.
Thus, intensive research has been carried out both at the experimental and theoretical level to study the processes of
photoionization resonance of the atom of the Be type. Many studies on resonance parameters (Pl cross sections,
energies and widths) of doubly excited states and oscillating forces for beryllium as well as isoelectronic sequences
have been carried out in the last decades. By way of illustration, Berrington et al. [3] had studied the PI cross-section
of the isoelectronic sequence Be using R-matix and thus obtained an approximate figure of the PI cross-section for
N IV. In addition, Garcia et al. [4] studied high energy photoabsorption sections for nitrogen ions in the region of the
K edge, and obtained the energies of the K-level vacuum, the wavelengths, Einstein’s coefficients, radiative widths
and Auger’s N IV based on the R matrix method of Breit-Pauli.

Using the MAOT method [5 :6], Sow et al. [7] reported accurate energy positions for the singlets and triplets 2pns
13p0 and 2pnd “*P° levels of the Beryllium atom up to n = 25 along with resonance width. In this paper, these
previous study are extended to the photoionization of the Be- like N3+ ions in the framework of MAOT formalism.
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The MAOT method is known to be a very suitable technique of calculation that has given recently accurate results
from simple semi-empirical formulas without needing to compute any photoionization cross section. Recently, Sow
et al. [6][7] [8] demonstrated the possibility of the Modified Atomic Orbital Theory to reproduce experimental data
with great precision. The purpose of the present work is to report accurate results for energy positios of the singlets
[15%2p (P3)ns 'P, 15%2p (*Psp)nd P, 15%2p (BPyy)np P, 1s%2p (Py,)np D], and triplets [1s°2p (PO)ns 3Py, 1s%2p
(P%)ns *Pyand 15°2p (*P°)ns °P, ] Rydberg series of Be-like nitrogen (N** ions) from ground state. The analysis of
the results is carried out by the MAOT procedure with the quantum defect theory 6.

Section 2 presents the theoretical procedure adopted in this work with a brief description of the MAOT formalism
and the analytical expressions used in the calculations. In Section 3, we present and discuss the results obtained
along with comparison with the only available R-Matrix theoretical calculatins of Liang et al.[9] and experimental
data of Kramidal et al. [10]. In Section 4, we will summarize our study and draw conclusions.

Theory
Brief Description of the MOAT formalism
In the framework of the Modified Atomic Orbital Theory (MAOT), total energy of a (vl)- given orbital is expressed
in the form [5] [6] [7] .
[Z — (D)
E=— >
v (1)
For an atomic system of several electrons M, the total energy is given by (in Rydberg) :

e $Z-cOF

= Vi ()
\2S+1ly @
With respect to the usual spectroscopic notation (NZ,nZ) L , this equation becomes
M Z o _ 2S+1 Lzz' 2
E = _Z [ i ( . )] ]
Vi ®)
In the photoionization of atoms and ions, energy resonances are generally measured relatively to the E.
2S+1
converging limit of a given ¢ Ly)nl - Rydberg serie. For these states, the general expression of the energy
resonance E, is given
1 2S5+1 2S+1 1 a (2S+1
E =B~ {2 a0 L), L) o (L) (-
1 2
(n—q) —}
k fk(n!mt q,S) (4)
. . . ("L, )nl — .
In this equation, mand g (m < q) denote the principal quantum numbers of the Rydberg serie of the
O'| (ZS+1 LJ )

considered atomic system used in the empirical determination of the -screening constants s represents

the spin of the nl-electron (s= %), E,, is the energy value of the serie limit generally determined from National

Institute of Standards and Technology (NIST) atomic database E,, denote correspondaient energy resonance and Z

represents the nuclear charge of the considered element. The only problem that one lay face by using the MAOT
1

formalism is linked to the determination of the & fc(n,m,q,s) -term. The correct expression of this ter mis
determined iteratively by imposing general Eq. (4) to give accurate data with a constant quantum defect values along
all the considered series. The value of a is generally fixed to 1 and or 2 during the iteration. The standard quantum
defect expansion is given as follows :

2
E,=E, ——chgez
(n—9o) (5)
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In the equation, R, E.,, Z¢re and 3 are the Rydberg constant, the converging limit, the electric charge of the core ion
and the quantum defect, respectively.
Zeore 1S directly obtained by the photoionization process from an atomic X" system :

p+ (P+)+ | o=
X" +hv — X +te We find then Zeyre = p+1. ©)
From equation (6) we obtain the expression for the quantum defect & :
o=n—-2Z__x

R
core (Ew _ En)

(7
Resonances Energy of the singlets 1s?2p (*Ps)ns P, 1s°2p (*P)nd P , 15?2p (*P1,)np P, 15°2p (*P1,)np 'D and
the triplets 1s?2p (“P°)ns °Py 1, Rydberg Series of the N** ions.
In the framework of the MAOT formalism the energy positions of the singlet 1s°2p(*P)ns *P, 1s?2p (*P)nd P , 1s°2p
(*Pyo)np P, 15%2p (°Py)np 'D and triplet 1s%2p (P°)ns *Py,, Rydberg Series are given (in Rydberg units) by using
the general Eq.(4). Thus :

> For the 15?2p (*P°,)ns *P levels

1

Eanm—2{2—01—‘72—o—zx(n—m)x(n—q)x{ 1
n n

(n+s)’(n+m+q-s)?

1 1 i
+ +
(n-m+qg+6s)* (n+2m—-q+9s)° @®

To evaluate the o;-screening constants (i =1,2), we use the experimental data Eexp [2p(°Ps)nl *P] of Kramidal et
al.[10].
Thus, for the 1s%2p (?P3,)3s P and 1s?2p (°Ps,)4s ‘P levels, we respectively get (in Rydberg units) Ep = E =
4.3105560 (m =3) and Eq = E;= 5.292799 (q = 4). From NIST, we find E,, = 6.429778 Ry. Using these data, eq.
(8) gives : 61 =3.041106 and o, =-1.225098.

> For the 15°2p (°P%,)nd 'P levels

En=EOO—%{Z—01—%—02><(n—m)x(n—q){

L +
(n—m+q+2s)x(n+5s)°

1 }}2
_ 4
(n—=2m+q+8s) )

Using the exprimental data of Kramidal et al.[10]., we obtain in Ryberg E, = Es=5.79991 (m=5) and Eq=E¢=
5.99060 (q=6) of the 15°2p (*P3;,)5d ‘P and 15°2p (*P3)4s P respectively. From NIST data, we find E,, = 6.429778
Ry. This data allows us to obtain, using the equation (9) : 6, = 2.983674 and o, = 0.240576.

> For the 15?2p (*P°,,)np *P levels

En:Ew—n—lz{Z—61—%—0'2><(n—m)x(n—q)>{

1
(n—m+q+2s)°

1 1 i
+ +
(n+2m—-q+5s)® (n—-m+2q+7s)* 10)

From the exprimental data of Kramidal et al.[10], we obtain for the 1s?2p (°P°,,)3p 'P and 1s°2p (°P°,)4p *P, Ep, =
E; = 4.55365 (m=3) and E, = E,=5.386143 (q=4). From NIST, we find E,, =6.427421 Ry. We find then using eq.
(10), we obtain o1= 3.092583 and 62 =- 1.148161.

> For the 15°2p (*P°%;,)np 'D levels

1 o 1
E,=E,—={Z-0,-2—c,x(n-m)x(n-
"o nz{ %1 o mx( q)>{(rl+s+1)2><(n—m+q+4S)3
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1 1 1 ’
+ + +
(N+m+q+5s)* (N-m+q+9s)° (N+m+q+9s)° )

For the 1522p (°P%;,)3p *D and 15°2p (?P°1)4p 'D levels, the experimental data of Kramidal et al.[10], are Ep, = E3=
4.55365 (m=3) and E, = E,=5.386143 (g=4) in Rydberg. NISTgives us the limit energy, E., = 6.429778 Ry. In this
case, using Eq. (11), we find 6,=2.982106 and o, = - 0.273731.
> For the triplets 15°2p (°P°)ns P levels
1

En=Ew—E?{z—oi—%%—obx@m-mpqn—q)x[

o, xSx(S+1)
(n+m+q-s)®

2
+02><S><(n—m)+02><8><(n+m)2}

(n—m+q)* (n+m—-qg+s)®

(12)

Using the exprimental data of Kramidal et al.[10], we obtain for the state 1s°2p (°P°)3s *P°% and 1s*2p (*P°)4s °P°,
respectively E, = E3 = 4.240051 (m=3) and E; = E, = 5.266739 (g=4). Energy limit is given by NIST data, we
find E.= 6.42918875 Ry. Using these data, eq. (12) gives : 61 = 3.065447 and o,= - 1.512504.

> For the triplets 1s2p (*P°)ns P levels

En:Em—%{Z—al—ﬁ—azx(n—m)x(n—q)x{
n n

2
o, %S x (n - m) S
i (n+m-s)* i (n+5s)°
(13)
From the exprimental data of Kramidal et al.[10], we obtain for the 15*2p (3P%)3s ®P°; and 1s22p (?P°1,)4s °P°, Em =
E;=4.240773 (m=3) and Eq = E4= 5.267537 (q = 4). From NIST, we find E, = 6.429188 Ry. We find then using eq.

(13), we obtain 61 = 3.069173531 and 62 = - 1.521486.
> For the triplets 15°2p (*P%)ns °PY levels

En=Em—n—lz{z—al—%—azx(n—m)x(n—q)x{

o,x(S+1)  Sx(n-m) }}
(14)

o,%xS
(n+q-s)’

o, xS
(n+q+3s)°

_(n—m+73)4 (n+q-m)*

For the 15°2p (°P%)3s *P°, and 1s%2p (*P°)4s °P°, levels, the exprimental data of Kramidal et al.[10]are E,,, = E;
= 4.242282 (m=3) and E, = E,=5.269043 (q=4) in Rydberg. Thus NIST databasegives us the limit energy, E., =
6.42918875 Ry. In this case, Eq. (14) gives o©; =2.075764 and o, = - 1.536667.

Resultats and Discusssions:-

Analysis of the present results is achieved in the framework of the standard quantum-defect & theory and of the
procedure by calculating the effective charge Z

The relationship between Z* and 1 is in the form:

Z* — Zcore

7
n (15)
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2°>7 if 620

core

7"<Z if 0<0

core
limz* =27_,.
According to this equation, each Rydberg series must satisfy the following conditions : e
(16)
Our results are in perfect agreement with the avalaible theoretical and experimental values.
For the N** ions, Z.is directly obtain via the photoionization process of eq.(6) that gives :

3+ 4+ -
N™ +hv — N +e S (17)

The present results are listed in tables 1-7 and compared with other avalaible theoretical calculations and
experimental data.

In Table 1 we present the MAOT resonance energies (E) and quantum defect (8) of the 15°2p (*P%,)ns *P Rydberg
series relative to the ground state of the N**ions. For this Rydberg series, we calculated the energies of the first
Eighteen resonant states. We compared our results with the theoretical calculations of Liang et al.[9] and the
experimental data of Kramidal et al. [10]. All our results are obtained empirically using equation (8). The
comparison shows very good agreement. We also note that the quantum defect 8 > 0 and decreases as the principal
quantum number increases. Thus up to n = 5, the comparison shows that the |AE| energy differences from
experimental data are less than 0.005. For n = 6 up to n = 15, our results are only compared with R-Matrix
theoretical calculations of Liang et al.[9] and comparison is considered very satisfactory. Thus, for this Rydberg
series, we can expect our results up to n = 20 to be accurate.

In Table 2 we present the MAOT resonance energies (E) and quantum defect (8) of the 15%2p (°P°)nd P Rydberg
series relative to the ground state of the N** ions. Our results are compared with those of Liang et al. [9] and the
experimental data of Kramidal et al. [10]. Liang et al. [9] used the R-Matrix method to calculate energies fromn =5
up to n = 15. All our results are obtained empirically using eqg. (9). Thus, up to n = 10, comparison shows very good
agreement and the |AE| energy differences are less than 0.0001 Ryd. Thus, for this Rydberg series, the comparison is
considered very satisfactory, and we can expect our results to be accurate up to n = 20.

In Table 3, we show a comparison of the resonance energies (E) and quantum defect (8) of the 15°2p (°P°)np P
Rydberg series. The MAOT energy positions are calculated from eq. (10). The agreements between the studies are
very good, and the quantum defect is practically decreasing throughout the series. The comparison shows that the
energy differences from experimental data are less than 0.001 Ry.

Agreement between MAOT results and experimental data is very good. We can therefore expect our results up to n
= 20 to be accurate.

Table 4 shows the resonance energies and quantum defects of the singlets 1s2p (3P%,)np ‘D Rydberg series states
from the ground state of the N** ions. For this Rydberg series, we also calculated the energies of the first eighteen
resonant states. We note that the quantum defect decreases as the principal quantum number increases. The
comparison shows that the [AE]energy differences from experimental data are less than 0.001 eV. Thus, for this
Rydberg series, the comparison is considered very satisfactory, and we can expect our results n > 11 to be accurate.

We present in Table 5 the MAOT resonance energies (E) and quantum defect (8) of the triplets 1s°2p (°P°)ns
®pyRydberg series relative to the ground state of the N** ions. We only compared our results with those of Kramidal
et al. [10]. All our results are calculated empirically using equation (12). The comparison shows very good
agreement. The [AE]energy differences from experimental data are less than 0.0001 Ry. Thus, for this Rydberg
series, the comparison is considered very satisfactory, and we can expect our results to be accurate up to n = 20.

In Table 6, we show a comparison of the resonances energies (E) and quantum defect (8) of the triplets 1s°2p
(P°)ns 3P, Rydberg series to the ground state of the N**. The present energy positions are calculated from eq. (13).
The agreement between the studies are very good, and the quantum defect is practically decreasing throughout the
series. Agreement between MOAT results and experimental data is very good. We can therefore expect our results

1017
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up to n = 20 to be accurate. The comparison shows that the [AE]energy differences from experimental data are less
than 0.0001 Ry.

In Table 7 we present the MAOT resonance energies (E) and quantum defect (8) of the triplets 1s?2p (P°)ns
®p,Rydberg series relative to the ground state of the N** jon. We compared our results with those of Kramidal et al.
[10]. All our results are calculated empirically using eq. (14). The comparison shows very good agreement. We also
note that the quantum defect decreases as the principal quantum number increases. The comparison shows that the
[AE] energy differences from experimental data are less than 0.0001 Ry. Thus, for this Rydberg series, the
comparison is considered very satisfactory, and we can expect our results to be accurate up to n = 20.

These good agreements are justified by the fact that, in the MAOT formalism, all the relativistic and electron
electron correlation effects are implicitly taken into account in the adjustment parameters o; evaluated using
experimental data.

For all the Rydberg series investigated, the slight discrepancies between the present calculations and experiment
may be explain by the simplicity of the MAOT formalism which does not include explicitly any relativistic
corrections.

Table 1:- Resonance energies (E,, Ry) and quantum defect & of the singlet 1s?2p (*P°,)ns 'P Rydberg series of the
N IV. The resultats are expressed in Rydberg (Ry). The MAOT present results compared with the R-matrix method
of Liang et al.[9] and the NIST data [10]. (1 Ry = 0.5 a.u = 13.605698 V).

15°2p (“P%)ns ‘P

E(Ry) 0

n MAOT R- MATRIX NIST | AE| MAOT
3 4.310560 --- 4.310560 0.000 0.25
4 5.292799 --- 5.292799 0.000 0.25
5 5.722551 5.72038 5.727741 0.005 0.24
6 5.947952 5.94535 0.24
7 6.080629 6.07802 0.23
8 6.165236 6.16274 0.22
9 6.222464 6.22012 0.21
10 6.262961 6.26076 0.21
11 6.292663 6 .29060 0.20
12 6.315090 6.31315 0.19
13 6.332437 6.33061 0.18
14 6.346128 6.34440 0.17
15 6.357123 6.35548 0.16
16 6.366086 0.15
17 6.373487 0.14
18 6.379671 0.13
19 6.384888 0.12
20 6.389332 0.11
© 6.429778

[AE]: is energy differences relative to the experimental data.

Table 2:- Resonance energies (E,, Ry) and quantum defect & of the singlets 15°2p (°P%y,)nd ‘P Rydberg series of
the N IV. The resultats are expression in Rydberg (Ry). The MAQOT present results are compared with the R-matrix
results of Liang et al. [9] and the NIST data of Kramidal et al.[10]. (1 Ry = 0.5 a.u = 13.605698 eV).

15°2p (“P%,)nd 'P

o
n MAOT R-MATRIX NIST |AE| MAOT

1018
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5 5.79991 5.80101 5.79991 0.00000 -0.040
6 5.99060 5.99114 5.99060 0.00000 -0.035
7 6.10622 6.10646 6.10627 0.00005 -0.032
8 6.18154 6.18162 6.18163 0.00009 -0.028
9 6.23332 6.23329 6.23320 0.00012 -0.024
10 6.27044 6.27032 6.27037 0.00007 -0.021
11 6.29795 6.29775 -0.017
12 6.31890 6.31864 -0.013
13 6.33523 6.33492 -0.009
14 6.34820 6.34784 -0.005
15 6.35868 6.35827 -0.001
16 6.36726 0.003
17 6.37437 0.006
18 6.38034 0.011
19 6.38539 0.015
20 6.38970 0.019
) 6.429778

[AE]is energy differences relative to the experimental data.

Table 3:- Resonance energies (E,, Ry) and quantum defect dof the singlets1s?2p (*P°.,)np P Rydberg series of the
N IV. The resultats are expression in Rydberg (Ry). The MAOT present results are only compared with the
avalaible NIST data [10]. (1 Ry = 0.5 a.u = 13.605698 V).

15°2p (CP%p)np 'P

E(Ry) bo)

n MAOT NIST | AE| MAOT
3 4.38239 4.38239 0.00000 0.20
4 5.327829 5.327829 0.00000 0.18
5 5.739685 5.739573 0.00011 0.18
6 5.956290 5.956314 0.00002 0.17
7 6.084420 6.084520 0.00001 0.17
8 6.166559 6.16602 0.00054 0.17
9 6.222389 0.16
10 6.262067 0.16
11 6.291275 0.16
12 6.313397 0.15
13 6.330551 0.15
14 6.344118 0.14
15 6.355033 0.13
16 6.363943 0.12
17 6.371309 0.11
18 6.377469 0.10
19 6.3826706 0.09
20 6.3871031 0.08

© 6.427421

[AE]is energy differences relative to the experimental data.

Table 4:- Resonance energy (E,, Ry) and quantum defect & determined of the singlets 1s°2p (°P°;,)np ‘D Rydberg
series of the N**. The resultats are expression in Rydberg (Ry). The MAOT present results are compared with the
NISTexperimental data[10]. (1 Ry = 0.5 a.u = 13.605698 eV).

1s°2p (“P°)ns °P,

E(Ry) 1)
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n MAOT NIST |AE| MAOT
3 4.240051 4.240051 0.000 0.11
4 5.266739 5.266739 0.000 0.12
5 5.709061 5.757200 0.048 0.12
6 5.939919 5.937726 0.001 0.12
7 6.075334 6.07230 0.003 0.13
8 6.161457 6.15799 0.003 0.13
9 6.219592 6.21775 0.002 0.14
10 6.260669 6.25902 0.002 0.14
11 6.290763 0.14
12 6.313467 0.15
13 6.331015 0.16
14 6.344858 0.16
15 6.355970 0.16
16 6.365025 0.17
17 6.372500 0.17
18 6.378743 0.17
19 6.384010 0.18
20 6.388495 0.18
) 6.42918875

[AE]is energy differences relative to the experimental data.

Table 5:- Resonance energies (E,, Ry) and quantum defect & of the tripets 1s°2p (*P%)ns °P, Rydberg serie of the
N IV. The MAOTresults are calculated in Rydberg (Ry) and compared with the experimental data of NIST[10]. (1
Ry = 0.5 a.u = 13.605698 eV).

15°2p (*P%)np ‘D

E(Ry) o

n MAOT NIST | AE| MAOT
3 4.553655 4.55365 0.0000 0.07
4 5.386143 5.386143 0.0000 0.08
5 5766305 e 0.08
6 5.971087 5.971388 0.0003 0.09
7 6.093857 6.094130 0.0003 0.09
8 6.173207 6.173458 0.0002 0.10
9 6.227433 6.227598 0.0002 0.10
10 6.266124 6.266140 0.0000 0.11
11 6.294693 6.294764 0.0001 0.11
12 6.316386 0.12
13 6.333244 0.12
14 6.346604 0.13
15 6.357371 0.13
16 6.366175 0.14
17 6.373466 0.14
18 6.379571 0.15
19 6.384735 0.15
20 6.389141 0.16
© 6.429778

[AE]is energy differences relative to the experimental data
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Table 6:- Resonance energies (E,, Ry) and quantum defect of the triplets 1s?2p (?P°)ns *P; Rydberg series of the
N IV. The MAOT results are calculated in Rydberg (Ry) for direct comparison with the experimental data of NIST

[10]. (1 Ry=0.5a.u = 13.605698 eV).

1s%2p (°P)ns 3P,

E(Ry) 0

n MAOT NIST | AE| MAOT
3 4.240773 4.240773 0.0000 0.29
4 5.267537 5.267537 0.0000 0.29
5 5.708603 5.708590 0.0000 0.29
6 5.938741 5.938470 0.0003 0.29
7 6.073978 6.073214 0.0008 0.29
8 6.160171 6.15883 0.0013 0.29
9 6.218460 6.21819 0.0003 0.29
10 6.259706 6.25934 0.0004 0.28
11 6.289956 0.28
12 6.312794 0.27
13 6.330455 0.27
14 6.344392 0.26
15 6.355581 0.26
16 6.364699 0.25
17 6.372227 0.24
18 6.378513 0.23
19 6.383815 0.22
20 6.388329 0.21
© 6.42918875

[AE]is energy differences relative to the experimental data.

Table 7:- Resonance energies (E,, Ry) and quantum defect 6 of the triplets 1s°2p (°P°)ns P, Rydberg series of the
N®". All results are in Rydberg (Ry). The MAOT present results are compared with the only experimental data

NIST[10]. (1 Ry = 0.5 a.u = 13.605698 eV).

1s%2p (*P)ns °P,

E(Ry) 0

n MAOT NIST | AE| MAOT
3 4.242282 4.242282 0.00000 0.29
4 5.269043 5.269043 0.00000 0.29
5 5.710101 5.710108 0.00007 0.28
6 5.940258 5.940184 0.00007 0.28
7 6.075413 6.075102 0.00031 0.27
8 6.161462 6.160992 0.00054 0.27
9 6.219591 6.219077 0.00051 0.26
10 6.260682 6.259984 0.00069 0.25
11 6.290794 0.25
12 6.313513 0.24
13 6.331073 0.23
14 6.344925 0.22
15 6.356042 0.21
16 6.365101 0.20
17 6.372578 0.19
18 6.378822 0.18
19 6.384087 0.16
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20 6.388571 0.15

o 6.42918875

[AE]is energy differences relative to the experimental data.

Conclusion:-

In short, energy position in the photoionization of the N IV from the ground state of the the 1s%2p(®P)ns P, 1s?2p
(P)nd P, 15°2p (*Py)np P, 15%2p (*Pa)np D and 1s?2p (3P%)ns Py, Rydberg series are reported using the
Modified Atomic Orbital Theory (MAOT) semi-empirical procedure. The simplicity of the semi-empirical MAOT
procedure has allowed us to calculate precise values of energies without having to resort either to a complex
mathematical formalism or to a specific calculation code via a computer program.We find that our results are in
good agreement with the available expression data and latest theoretical resultats.. This work may be of interest for
future experimental and theoretical studies in the photoabsorption spectrum of N*".
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