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1. Introduction

Studying atomic systems in plasma environments has attracted considerable in-
terest in recent years because of its fundamental importance in atomic physics and
its wide range of applications in astrophysical and laboratory plasmas. Plasma,
often referred to as the fourth state of matter, constitutes a large fraction of the
visible matter in the universe and occurs in diverse environments such as inter-
stellar media, stellar atmospheres, fusion devices, laser-produced plasmas, and
ionized gases. In such environments, interactions between charged particles and
atoms significantly modify atomic properties, affecting energy levels [1], transi-
tion probabilities [1] [2], and inelastic collision dynamics [1]-[3]. Understanding
these plasma-induced effects is therefore essential for accurate plasma diagnostics
[4] and for developing reliable theoretical models of atomic systems.

Among the various topics in this field, the study of spherical compressed atoms
confined in quantum plasma environments has received increasing attention. The
combined effects of spatial confinement and plasma screening can substantially
alter the electronic structure and dynamical properties of atomic systems, making
them particularly relevant for diagnostic applications and for the modeling of as-
trophysical and laboratory plasmas. Investigations of these effects provide valua-
ble understanding of the behavior of atoms under extreme conditions and con-
tribute to a better interpretation of spectroscopic observations.

Lithium has emerged as an attractive model system for such studies because of
its relatively simple electronic structure, which allows highly accurate theoretical
treatments while preserving important many-body interactions. In addition, lith-
ium is of considerable interest in plasma diagnostics, fusion research, and astro-
physics. Its spectral lines are widely used to probe plasma characteristics in labor-
atory experiments, while observations of lithium in astrophysical environments
provide important information about stellar atmospheres and cosmic matter.
Consequently, investigating the influence of plasma environments on the atomic
structure and transitions of lithium is crucial for understanding excitation pro-
cesses and improving the description of plasma-related phenomena.

For example, Bahar [5] investigated the combined effects of spatial confinement
and quantum plasma screening on the persistent orbital charge-current and the
induced magnetic field of atomic sodium and lithium. Bahar’s results indicate that
the above aforementioned observables can be controlled through quantum plas-
mas, allowing them to be increased or decreased as desired. While this study of-
fered a deeper understanding of the electromagnetic properties of confined atoms

in plasma environments, spectroscopic quantities such as generalized oscillator
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strengths (GOS) have received similar attention only in our recent study of the
sodium atom [6].

From the preceding discussion, and to the best of our knowledge, the GOS as a
function of the squared momentum transfer has not yet been investigated for a
lithium atom under simultaneous spherical confinement and quantum plasma
conditions. Motivated by this research gap, the present work examines the GOS
of selected valence-shell transitions and explores the effects of confinement and
plasma screening on atomic properties. The results contribute to the understand-
ing of atomic processes in laboratory and astrophysical plasmas and may be useful
for plasma diagnostics.

This paper is structured as follows. The theoretical model and procedure
adopted in the present investigation is outlined in Section 2. Section 3 presents
and discusses the obtained GOS results for multipole GOSs for the excitations to
25°(2p, 3p, 4p;, 3d, 4d, 4f, 6f), while the conclusions are given in the final section.
Atomic units (a.u.) are used throughout the article unless explicitly stated other-

wise.

2. Main Points of Calculation

For fast nonrelativistic charged projectiles undergoing inelastic scattering by an
atomic target, Bethe’s theory of inelastic scattering, based on the first-Born ap-
proximation (FBA), shows that the generalized oscillator strength (GOS) associ-
ated with a transition from an initial atomic state 0 to a final state f can be derived
from the quantum-mechanical theory of inelastic scattering by combining Fermi’s
Golden Rule with the first-Born approximation (FBA) [7] [8]:

2(E. —E i
( f 0)z;\,:ljl{lf(ri’...’rN)xeilKrj\PO(y;,’...,rN)

For (0,K) =——5—=
with W, (r,---,ry) and W¥,(r,---,ry) denote the initial and final wave func-

(1

KZ

tions of the atomic system, with corresponding eigenvalue energies £, and FE;,
respectively. Here, r; isthe positionvector ofthe j-thelectroninthe N -elec-
tron system and K is the momentum transfer.

Under the single-electron transition approximation, Equation (1) can be sim-

plified as:

Sou (a),q) = %K% |e*iK«r 4, >‘2 @)

where ¢, and ¢, are one-electron wave functions, and A and u label the
initial and final electron states, respectively, with energy eigenvalues ¢, and
¢, - The transition energy is determined by the energy conservation relation
w=¢£,-¢,.

Since the wave functions are represented by normalized antisymmetrized prod-
ucts of spatial and spin coordinates, and by expanding the electron transition op-
igr

erator ¢'” in terms of spherical waves, Equation (2) can be expressed as a sum

of multipole contributions:
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f;‘j) (wﬂq)

fl/l (a)’q)ZZfJ[ﬂF;)(a)’q)’ (3)

where f f;) (w,q) denotes the ¢ -pole contribution to the generalized oscillator

strength and is given by [8]:

2
O, 0 0, e .
20, +1 x( (;‘ 0 (;J'[O P";/y (r)]( (qr)an (r)dr (4)

where N, istheoccupation number of the initial subshell, ¢ istheangular mo-

20N, (20+1)
K

mentum transfer (multipole order), and |€ Pt 1| U< I_f PR 4J which follows
from the triangular selection rule. The function j, (qr) is the spherical Bessel

function of the first kind of order ¢, while P, , (r) and P, (r) arethe

normalized radial wave functions of the initial and final states, respectively, cal-
culated within the quantum-plasma model. The problem of determining that
above radial functions was still a subject of considerable interest of the form of the
model potential approach describing intensity of the interaction particles in the
non-relativistic time independent Schrédinger equation which reduces to a one-

dimension equation in terms of the radial variable given as [9]:

1 d*> ((0+1
|:_EF+%+ I/effscr (I") Rzl (r) = 8’74})’74 (r) (5)

Here V.

effser

(r) is the effective screening model potential approach in quan-
tum-plasma model.

The normalized radial wave functions employed in the present work were ob-
tained from the theoretical calculations of Bahar, where the radial Schrodinger
equation (5) for a compressed lithium atom embedded in a quantum-plasma en-
vironment was solved numerically using the More General Plasma Model Poten-
tial (MGPM) [9] [10]

VMGPM (V’Z’D’a’b) = Vmodc] (V,Z)(l +br)>< e_r/DCOS (%j (6)

as the effective screening model potential.

Where ¥, . (7,Z) isthe model potential defined in [5].

Within the one-electron transition approximation, lithium is represented as a
closed-shell 1s? ionic core plus a single active valence electron. The two 1s elec-
trons remain inactive during the transition and their average effect is incorporated
into the effective model potential ¥, ,, . The ground-state configuration 1s°2s is,
with the 2s electron treated as the active electron undergoing the considered tran-
sitions. The 1s? core has zero net spin (.S =0), while the total spin of the system
is determined by the valence electron, s =1/2 . Explicit many-electron exchange
and correlation effects beyond those represented by the effective model potential
are neglected. The parameters a, b,and D characterize the plasma screening
effects. Specifically, a isthe oscillatory screening parameter that governs the fre-
quency of the cosine modulation, & is a linear correction parameter that im-

proves the short-range behavior of the potential near the nucleus and for closely

DOI: 10.4236/jqis.2026.163016

452 Journal of Quantum Information Science


https://doi.org/10.4236/jqis.2026.163016

L. Gomis et al.

interacting particles, and D is the Debye screening length that determines the
rate at which the potential decreases with distance. The radial wavefunctions used
in the present work were obtained from the numerical calculations of Bahar [5].
In his study, the radial Schrédinger equation was solved numerically using the
tridiagonal matrix method, based on a second-order finite-difference discretiza-
tion of the radial equation and a 1000-point numerical grid. The resulting radial
wavefunctions, expanded in Slater-type functions were subsequently provided to
us by the author for use in the present calculations. Prior to their use, their nu-
P, (r)|2 dr=1, where R

denotes the spherical confinement radius imposed through the boundary condi-

R
merical normalization was verified according to .[o

tion [5]. The normalized reduced radial wavefunctions were then used directly in
the numerical evaluation of the radial matrix elements entering the generalized
oscillator strengths. The radial Schrédinger Equation (5) for a lithium atom con-
fined within a spherical cavity of radius R =25 a.u.and embedded in a quantum
plasma environment was solved numerically by Bahar using the procedure de-
scribed in detail in his published work [5]. With the author’s permission, the re-
sulting normalized radial wavefunctions provided to us in terms of Slater-type
functions, were employed to calculate the generalized oscillator strengths (GOSs)
considered in the present work.

The normalized radial wave functions obtained by Bahar [5] through the nu-
merical solution of the radial Schrédinger Equation (5) for a lithium atom confined
within a spherical cavity of radius R =25 a.u.and embedded in a quantum plasma
environment were employed in the present study to calculate the GOSs. Specifically,
dipole ( £ =1 oscillator strengths (OS) were evaluated for the excitations to 2s° (2p,
3p, 4p), and quadrupole (¢ =2 ) GOSs for the 2s>2s°%(3d, 4d) transitions. For each
set of plasma parameters, the transition energy was consistently obtained from the
energy difference between the corresponding initial and final-state eigenvalues as-
sociated with the supplied radial wavefunctions, w=¢, —¢,,and used in the cor-

responding GOS calculation.

3. Calculated Results for GOS

The generalized oscillator strengths (GOSs) corresponding to multipolarities
¢ =1 and 2 from ground state of a spherically confined lithium atom in a quan-
tum plasma were calculated using the above Equation (4) with the aid of MATLAB
Online.

3.1. Dipole Excitations

The present section of work reports part of our results for the dipole transitions
from the (2s) state to the (2p), (3p), and (4p) states of the lithium atom under
spherical confinement and quantum plasma conditions. Equation (4) is the fun-
damental expression used to calculate the dipole ( / =1) oscillator strength within
the length-form Bethe first-Born theory, employing the atomic state wavefunc-

tions generated by Bahar. To compute the dipole oscillator strength (DOS), we
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require only the radial wavefunctions of the ground state, P, and the excited
states P, , P, and P, ,ofthe embedded lithium atom, as obtained in the work
of Bahar [5].

We compute the energy eigenvalues of 2s, 2p, 3p and 4p states and the general-
ized oscillator strength with K*> =10~ for excitations 2s°(2p, 3p, 4p). The GOS
values of these transitions at K> =107 are close to limiting behavior of the GOS
as K* —0 (oscillator-strength). A comparison of the energy eigenvalues ob-
tained using the Exponential Screened Coulomb Potential (ECSC) without spher-
ical confinement (a=1, b=0 and R — ) with the theoretical results re-
ported in [11], is presented in Table 1. Very good agreement is observed for all
the states considered. For D =50, the differences between the present results and
the theoretical values remain below approximately 0.5%, while for D =25 and
D =20, the deviations are also small, with maximum differences of about 0.51%
and 0.54%, respectively. This close agreement is observed for the 2s, 2p, and 3p
states over the range of Debye screening lengths considered. These results provide
a validation of the present calculation of the energy eigenvalues for lithium under
the considered plasma conditions.

For a=0, b=0, D=»,50,25 and 15, and R — o, the energy of 2s, 2p,
3p and 4p orbitals and the oscillator strengths associated with the dipole transi-
tions 2s>(2p, 3p, 4p) were also determined. The calculated results are summarized
in Table 2, together with previously reported theoretical oscillator-strength values
for these transitions [12]-[17].

Table 1. Energy of 2s, 2p, 3p and 4p orbitals for lithium under quantum plasma (a=1, b=0, R—> o).

Debye screening length Energy eigenvalues

D 2s 2p 3p 4p
—-0.17696940 —0.11000665 —-0.03759094 —0.01315355

>0 -0.17776785* —0.10987373* —-0.03754901* —0.01313489*
—0.15684313 —-0.09031793 —-0.01990027 —0.00004676

% —0.15764343* —0.09019172* -0.01986322*  ----ee-
—0.14694104 —0.08071083 -0.01222674 -------

20 —0.14774105* —0.08058842* -0.01219357¢  --meee-

aTheoretical [11].

Table 2. Energy eigenvalues and oscillator strengths for dipole 2s->2s°(2p, 3p, 4p) transitions for lithium under plasma environment
(a=0, b=0, R—> o).

Debye screening length Energy eigenvalues
D &, &, &, &y
—0.197345 —0.130070 —0.057244 —0.031987
-0.197331° —0.130068" —0.057242 —0.031984°
~ —0.198142¢ —0.130235¢ —0.057236° —0.031975¢
-0.1981¢ —-0.12989¢ -0.05716¢4 -0.03193¢
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Continued
-0.177675 —0.110853 —0.039429 —0.015868
50 -0.178290¢ —0.11054¢ —0.039417¢ —0.015856°¢
-0.1785¢ -0.11075¢ -0.03942¢ -0.01588¢
—0.15943 -0.09336 —0.025494 —0.005985
» -0.160220°  —--eeeeee- emeeeeeeeen e
-0.137152 —0.07249 —0.011959 —0.000155
15 -0.137393¢ —0.072588°¢ -0.011952°¢ —0.000152°¢
-0.1379¢ -0.07235¢ -0.01191¢ -0.00012¢
Oscillator strengths with K> =107 au
Srssap Srssp Srssap
0.744828 0.00496633 0.00433032
0.74738¢ 0.004741¢ 0.004278¢
oo 0.75269¢ 0.00415¢ 0.00396¢
0.75289¢ 0.00416/° -
-------------------- 0.00421¢
0.747785 0.00428248 0.00369688
0.747777c¢ 0.004323¢ 0.003636¢
%0 0.753 83¢ 0.00369 ¢ 0.00332¢
0.75399¢ 0.00371f e
25 0.751484 0.00294231 0.00212038
0.759528 0.00098905 0.00026784
0.757843¢ e 0.000280°¢
15 0.76512¢ 0.00069¢ 0.00022¢
0.76512F e

YPandey eral [12]. °Li & Khar [13]. Shuai et al [14]. *NIST data; see website www.physics.nist.gov, NIST data, 2008 [15]. fNing and

Qi [16]. 80Ordu & Bahar [17].

The theoretical data of the energy orbitals [12]-[14] are in good in good agree-

ment (<1.94% ) with those found in this present work except in the case of 4p
orbital for D =15 where the disagreement between the value listed in reference
[13] and our finding one is about 22.6%. Table 2 compares the calculated oscilla-
tor strengths with the available theoretical values reported in previous studies and
given also in those references [12]-[17].

In general, good agreement is obtained, particularly for the dominant 2s>2p
transition. In the limit D — o, the present value of 0.744828 differs by less than
approximately 1.1% from the available theoretical values. For the 2s>3p and
2s->4p transitions, the agreement depends more strongly on the reference consid-
ered. For 2s->3p, the present result at D — o, 0.00496633, agrees reasonably well
with result in [13], 0.004741, whereas larger differences are observed with results
found in [14] and [16]. Similarly, for the 2s>4p transition, the present value
0.00433032 is very close to the data in [13], 0.004278, and also remains relatively
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close to the values reported in the other calculations [14] [17]. At Debye screening
length D =50, the agreement with [13], is particularly good. For example, the
present value of f, . =0.747785 is almost identical to the value 0.74777 re-
ported by Ning et al in [16]. The corresponding differences for the 2s>3p and
2s->4p transitions also remain small. However, somewhat larger deviations are
observed with the results presented in [13] [14] particularly for the excitations to
25°(3p, 4p). At Debye screening length D =15, the present result for the strong
2s->2p transition remains in close agreement with the available theoretical values.
However, for the weak 2s->3p and 2s->4p transitions, the discrepancies become
more pronounced. This increased sensitivity may be associated with the stronger
plasma screening at smaller Debye screening lengths, which affects high 2s->(23p,
4p) transitions more significantly.

Figures 1-3 show the variation of the dipole oscillator strengths for the 2s->2p,
2s>3p and 2s> 4p transitions, respectively as the squared momentum transfer
K*? varies from 0 to 1.2 a.u. In all three panels (a), (p) and (p) of Figure 1, the
DOS decreases rapidly with increasing K, indicating that the dipole transition
is mainly concentrated in the low-squared momentum-transfer region and be-
comes negligible at large K. The first panel (a) illustrates the effect of the oscil-
latory screening parameter a . For fixed values of =1 and D =80, increas-
ing from parameter a 0 to 5 and 10 progressively reduces the GOS in the low-
K* region. The largest value is obtained for an atom embedded in a plasma with-
out oscillatory screening (a =0), whereas the introduction and subsequent in-
crease of the oscillatory screening a=5 and a=10 suppress the transition
probability. As ¢ increases, the three curves gradually converge and become
nearly indistinguishable, showing that the influence of parameter a is signifi-
cant only at small squared momentum transfer. The results described in the. sec-
ond panel (f) of Figure 1 demonstrate the effect of the linear correction parame-
ter b as the oscillatory screening parameter a and the screening length D
were fixed to 1 and 80, respectively. For that above fixed two parameters without
the linear correction parameter (b =0 ) the embedded lithium atom result exhib-
its the largest GOS throughout the entire momentum-transfer range. In con-
trast, when b agreement increases to 1 and 1.5, the GOS is reduced by several
orders of magnitude, as highlighted by the insets. The enlarged views reveal that
the screened curves exhibit a small maximum at very low ¢°, followed by a
gradual decrease. The close between the b=1 and b=1.5 curves indicate
that further increasing b beyond unity produces only a minor additional ef-
fect. As seen in the panel (p) of this Figure 1, DOS curve depicts the results
showing the effect of the Debye length D for fixed a=1 and »=0.5. In-
creasing the Debye length from 10 to 250 enhances the dipole oscillator strength,
particularly in the low- K* region. Since a larger D corresponds to weaker
plasma screening, the transition probability increases as K* <0.3171 au. This
situation is reversed above K’ =0.3171 au. This behavior can be understood in
terms of the delicate interference between the oscillatory radial components of the

initial and final state wavefunctions. For D =80 and 250, the wavefunction
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overlap progressively decreases with increasing K°. This reduction arises be-
cause a stronger attractive potential increases the curvature of the wavefunctions,
leading to stronger spatial localization and, consequently, a smaller overlap be-
tween the initial and final states. However, as in the previous cases, the differences
between the curves diminish with increasing momentum transfer, and all curves
converge toward zero at large K. For the dipole 2s->3p transition of lithium em-
bedded in a quantum plasma, the dipole oscillator strength results shown in Fig-
ure 2 as a function of the squared momentum transfer K, similarly to the 2s>2p
transition, are concentrated at low values of K and decrease rapidly with in-
creasing K. Clearly, panel (a) of Figure 2 presents the calculated DOS for the
2s->3p excitation of a lithium atom confined within a spherical cavity of radius
R =25 and embedded in a quantum plasma described by the MGPM potential.
For fixed values of b=1 and D =80, the oscillatory screening parameter a
significantly affects the dipole oscillator strength in the low- K* region. At very
small momentum transfers ( K* <0.0266219 a.u.), the DOS for a=35 is
slightly larger than that for @ =10. However, at K’ ~0.0266219 a.u., the two
curves intersect, and for K> >0.0266219 a.u., the a=10 curve becomes the
largest, followed by the a=5 and a=0 curves. Thus, increasing a generally
enhances the dipole oscillator strength over most of the low- K* region, except
in the very small squared momentum-transfer interval before the crossover. As
K* increases further, the differences between the three curves gradually dimin-
ish, and all of them approach zero. For panel (f) given in Figure 2 where a and
D arebeen fixed to 1 and 80, respectively, the embedded lithium atom case result
(b =0) exhibits a strong peak at K 2 =0, whereas the screened cases (b =1 and
b =1.5) are reduced by several orders of magnitude, as illustrated by the enlarged
insets. The insets further reveal a non-monotonic behavior for the screened cases,
characterized by a weak maximum at very small K, followed by a broad second-
ary maximum around K’ = 1.5, before decreasing again at larger squared mo-
mentum transfers. Increasing b from 1 to 1.5 produces only small quantitative
changes, indicating that the influence of b becomes saturated. Figure 2 (y) il-
lustrates the influence of the length screening D on the DOS for the 2s->3p tran-
sition while the oscillatory screening parameter @ and the linear correction pa-
rameter b were fixed at values 1 and 0.5, respectively. The DOS reaches its max-
imum value in the optical limit (K> — 0) and decreases rapidly with increasing
squared momentum transfer, approaching nearly zero for K*>0.3 a.u. for
three values of D =10,80, and 250. The length screening has a pronounced in-
fluence on the DOS in the low- K* region. As the Debye length increases from
D=10 to D=80 and 250 a.u, the DOS in the low- K region is generally
enhanced. The highest peak is obtained for D =80, whereas the lowest corre-
sponds to D =10. Interestingly, the peak for D =250 is slightly smaller than
thatfor D =80, although it remains higher than that for D =10, indicating that
the dependence on the Debye length is not strictly monotonic. This behavior re-
flects the stronger screening associated with shorter Debye lengths, which weak-

ens the transition probability by reducing the overlap between the initial- and fi-
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panels a
.

nal-state wavefunctions. The slight reduction in the DOS peak for D =250 rel-
ative to D =80 may result from the competing effects of quantum plasma
screening and spherical confinement, whose relative contributions change with
the screening length. Furthermore, in panel (p) of Figure 2, a different trend is
observed. Inthe K’ range from 0.0591279 to 0.317152 a.u., the DOS for D =10
becomes the largest, whereas the smallest values are obtained for D =250. The
results for D =80 lie between these two cases throughout this interval. This re-
versal in the relative magnitudes of the DOS suggests that the dominant physical
mechanism changes with increasing momentum transfer, possibly because of var-
iations in the overlap between the initial and final-state radial wavefunctions and
the competing influences of plasma screening and spherical confinement. At
larger squared momentum transfers, the three curves nearly coincide, indicating

that the influence of plasma screening becomes negligible in this region.

panels (B)
T T 2 = T T
%10
b=0
—=—=b=1 |]
—===b=15
(9]
o
a
'-1-,._
e
L S,
3 35 4

panels (y)

D=10
— — D=80
—=-—=D=250

Figure 1. Dipole oscillator strength for the excitation to 2s°2p of lithium surrounded by a sphere of radius R = 25 and embedded
in quantum plasma modeled by MGPM potential with: 5= 1, D= 80 and three different a-values for panels (a); 2= 1, D= 80 and
three different b-values for panels (f) and a= 1, 5= 0.5 and three different D-values for panels ().
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Figure 2. Dipole oscillator strength for the excitation to 2s°3p of lithium surrounded by a sphere of radius R = 25 and embedded in
quantum plasma modeled by MGPM potential with: 5= 1, D = 80 and three different a-values for panels (a); a=1, D= 80 and
three different b-values for panels (8) and a= 1, b= 0.5 and three different D-values for panels ().

Similar to Figure 2, Figure 3 presents the variation of the dipole oscillator
strength as a function of the squared momentum transfer, K, for the 2s>4p
transition of a lithium atom confined within a spherical cavity of radius R =25
a.uand embedded in a quantum plasma. In contrast to the 2s>2p and 2s->3p tran-
sitions, the present transition exhibits a pronounced maximum at finite momen-
tum transfer, whose position and magnitude depend strongly on the plasma pa-
rameters. In all cases, the DOS decreases toward zeroas K’ increases. As shown
in panel (a) of Figure 3, for fixed values of 5=1 and D =80 a.u, increasing
the oscillatory screening parameter a from 0 to 5 and 10 shifts the principal
maximum toward higher values of K. The lithium atom embedded in a quan-
tum plasma without oscillatory screening (a = 0) yields the highest and narrow-

est peak at very low squared momentum transfer (K> ~0.05). As a increases
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to 5 and 10, the peak amplitude decreases while its position shifts toward larger
momentum transfers, indicating that the plasma environment redistributes the
oscillator strength over a broader K’ range. Beyond the principal peak, all
curves decay rapidly, leaving only a weak tail at larger squared momentum trans-
fers. The shift of the principal maximum toward higher K* with increasing os-
cillatory screening a reflects the redistribution of the transition probability over
a wider momentum-transfer range due to the modification of the effective plasma
potential and the resulting changes in the overlap between the initial and final
state wavefunctions. To understand the effect of the linear correction parameter
b onthe dipole oscillator strength for atomic lithium confined within a spherical
cavity of radius R=25 a.u and embedded in a quantum plasma, panel (f) in
Figure 3 depicts our findings for fl(f) (w,q) of the 2s>4p transition for fixed
oscillatory screening a =1 and length screening D =80 and three different
values of linear correction parameter » whichare b=0,1 and 1.5. The embed-
ded atomic lithium case result without the linear correction (5 = 0 ) shows a large
dipole oscillator strength concentrated at very low squared momentum transfer.
In contrast, the screened cases (=1 and b=1.5) are reduced by several orders
of magnitude, as shown by the enlarged insets. The insets reveal an oscillatory
structure consisting of several small maxima separated by minima, with the first
pronounced peak occurring around K> ~1.2, followed by weaker secondary
maxima at larger squared momentum transfers. The curves corresponding to
b=1 and b=1.5 are very similar, indicating that further increasing 5 pro-
duces only minor quantitative changes. From results drawn in the panel (y) of
Figure 3, we can see that at fixed oscillatory screening a =1 and linear correc-
tion parameter b =0.5, the dipole oscillator strength is progressively enhanced
in the low- ¢° region with increasing length screening from D =10 to D =80
and 250 a.u. The largest value is obtained for D =250, followed by D =280,
whereas the strongest screening (D =10 ) yields the smallest DOS. The peak also
shifts toward lower squared momentum transfer as D increases, reflecting the
weakening of plasma screening. At larger momentum transfers, the three curves
rapidly converge toward zero.

The figures clearly demonstrate that the plasma environment, characterized by
the parameters a, b,and D, has a significant influence on the dipole general-
ized oscillator strengths. The effect is strongest in the low- K region, where the
electron collision is more sensitive to the screened atomic potential. As the mo-
mentum transfer increases, the influence of plasma screening gradually weakens,
and the GOS becomes nearly independent of the plasma parameters. Further-
more, the sensitivity to the plasma environment increases with the principal quan-
tum number of the excited state, the 2s>4p transition showing much larger mod-
ifications than the 2s>2p transition. This behavior reflects the greater spatial ex-
tension of highly excited states, making them more susceptible to plasma screen-

ing effects.
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Figure 3. Dipole oscillator strength for the excitation to 2s°4p of lithium surrounded by a sphere of radius R = 25 and embedded in
quantum plasma modeled by MGPM potential with: 5 = 1, D = 80 and three different a-values for panels (a); a=1, D= 80 and
three different b-values for panels (8) and a= 1, b= 0.5 and three different D-values for panels ().

3.2. Quadrupole Excitations

Figure 4 illustrates the variation of the quadrupole generalized oscillator strengths
(GOS) for the 2s>3d and 2s->4d transitions as a function of the squared momen-
tum transfer, K*, under different plasma conditions. For b=1, D =80 and
R =25 a.u, panel (a)shows the behaviour of the generalized oscillator strength
of the quadrupole 2s->3d transition for a=0,5 and 10 while panel (f) depicts
the quadrupole GOS of the embedded atomic lithium excitation to 2s°4d for same
values of the oscillatory screening parameter a.The GOS curves of panel (a) in
Figure 4 for the quadrupole transition 2s>3d have one a single pronounced max-
imum at low squared momentum transfer, followed by a monotonic decrease to-
ward zeroas K’ increases. The effect of the plasma the oscillatory screening pa-
rameter a mainlyreflected in the peak height and width. Increasing a reduces

the maximum value of the GOS while shifting the peak slightly toward larger val-
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ues of K*, resulting in a broader distribution. Consequently, the quadrupole
25>3d GOS decreases more slowly at intermediate squared momentum transfers
as a increases from 0 to 5 and 10. The panel (f) presents the corresponding
results for the 2s->2s%4d transition. Compared with the 2s°3d excitation of the em-
bedded atomic lithium, this higher excited state exhibits a much stronger sensi-
tivity to the plasma oscillatory screening parameter a . Figure 4(f) shows that
increasing the oscillatory screening parameter a from 0 to 5 and 10 drastically
suppresses the large peak observed for a =0, resulting in a much smaller and
broader distribution. This behavior indicates that the quadrupole excitation to the
4d state is highly sensitive to the quantum plasma environment. This can be ex-
plained by the stronger oscillatory screening, which modifies the radial wavefunc-
tions of the embedded lithium atom and reduces the spatial overlap between the
initial and final states, leading to a lower quadrupole transition probability. After
discussing the influence of the oscillatory screening parameter a on the octu-
pole GOS, we now examine the effect of the linear correction parameter 5 on
the quadrupole transitions. At fixed valuesof a=1, D=80,and R=25 a.u,
the results for the 2s->3d and 2s>4d quadrupole GOS, shown in panels (y) and
() of Figure 2, exhibit a single pronounced maximum when the calculations are
performed using the radial wavefunctions obtained without the linear correction
parameter (b =0 ). It is also observed from the plot that the difference in the peak
amplitudes remains negligible as the parameter b varies from 1 to 1.5. However,
as illustrated in the insets of Figure 4(y) and Figure 4(d), the inclusion of the
linear correction parameter (b =1 and b =1.5) strongly modifies the GOS pro-
files. Instead of a single dominant peak, the quadrupole excitations to the 3d and
4d states develop several additional maxima at higher values of K7, revealing that
the oscillatory component of the MGPM potential redistributes the transition
strength over a broader squared momentum-transfer region. This peculiar behav-
ior quadrupole GOS in the inset graph might be attributed to the fluctuations in
the wavefunctions generated by the potential which includes also the spherical
confinement effect. Figure 4(7) and Figure 4(x) show the calculated quadrupole
GOS of the 2s>25°3d and 2s->2s°4d transitions, respectively, obtained for a=1,
b=0.5, R=25 a.uu and three different values of D =10,80 and 250. All GOS
curves of the panel (7) obtained with D =10,80 and 250 for the transition
25>2s"3d have the same shape contrary to the case of the embedded atomic lith-
ium quadrupole excitation to 2s°4d, the profile of GOS for D =10 is different to
those calculated with D =80 and 250, presenting the similar profile in panel
(). The quadrupole GOS for the 2s>2s°3d transition in the panels () of Figure
4 are characterized by a single dominant maximum for all lengths screening con-
sidered here. The highest peak is obtained for D =80, whereas the amplitudes
decrease forboth D =10 and D =250.In addition, as seen in panel (7) of this
Figure 4, the peak shifts progressively toward lower K* values as the length
screening increases from 10 to 80 and 250, indicating that weaker plasma screen-

ing enhances the transition probability at smaller squared momentum transfers.
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Figure 4. Generalized oscillator strength for the quadrupole excitations to 2s°(3d, 4d) of lithium surrounded by a sphere of radius
R =25 and embedded in quantum plasma modeled by MGPM potential with: &= 1, D = 80 and three different a-values for panels
(a) and (B); a= 1, D = 80 and three different 5-values for panels (y) and (d); a= 1, b= 0.5 and three different D-values for panels

() and (x).
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The non-monotonic variation of the peak amplitude with 1, reflects changes in
the overlap between the initial- and final-state wavefunctions induced by plasma
screening. For panel (k) of the same Figure 4, the appearance of two maxima for
D =10 may be attributed to the stronger screening, which substantially modifies
the radial wavefunctions of the initial and final states. Consequently, the overlap
integral entering the transition matrix element changes sign in different radial re-
gions because of the nodal structure of the 4d wavefunction, giving rise to con-
structive and destructive interference and producing the observed double-peak
structure. In contrast, for the weaker screening cases (D =80 and 250), the wave-
functions are less distorted, resulting in a single dominant maximum at low
squared momentum transfer. It is observed that, for all values of the plasma
shielding parameters, the octupole generalized oscillator strengths decrease and
eventually approach zero as the squared momentum transfer ¢ increases. As
been noted in [18], this behavior may be attributed to the existence of a limiting
momentum transfer imposed by the uncertainty principle, beyond which the
atomic electrons cannot absorb additional momentum without being ejected from
the atom. This decrease of the octupole GOS toward zero with increasing ¢ can
be attributed to the increasing oscillatory behavior of the momentum-transfer op-
erator in the transition matrix element, which leads to enhanced cancellation in

the radial integral at large squared momentum transfer.

4. Conclusions

In this work, the generalized oscillator strengths (GOSs) for the dipole 2s->2s°(2p,
3p, 4p) and quadrupole 2s->2s°(3d, 4d) transitions of a lithium atom confined
within a spherical cavity and embedded in a quantum plasma were calculated us-
ing the radial wavefunctions obtained by Bahar through the numerical solution of
the radial Schrodinger equation with the More General Plasma Model Potential
(MGPM), which incorporates the combined effects of length screening, oscillatory
screening, and linear correction. The results demonstrate that the plasma shield-
ing parameters (a,b, D ), strongly influence the generalized oscillator strengths,
particularly in the low-squared momentum transfer region where the electron-
atom interaction is most sensitive to the effective screened potential. The oscilla-
tory screening parameter a modifies both the magnitude and the position of the
GOS maxima, while the linear correction parameter b significantly redistrib-
utes the transition strength and gives rise to additional maxima, especially for the
quadrupole excitations. As reported in [2] [18] [19], a decrease in the screening
length D generally leads to a reduction in the generalized oscillator strengths
(GOSs) and shifts their principal maxima toward higher squared momentum
transfer values, although some transitions exhibit non-monotonic behavior due
to the interplay between plasma screening and spherical confinement. The inves-
tigation lets us see now the influence of the plasma environment becomes more
pronounced for higher excited states, reflecting their larger spatial extension and

greater sensitivity to modifications of the effective potential. For all investigated
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transitions, the generalized oscillator strengths decrease rapidly with increasing
squared momentum transfer and progressively approach zero at large (K?), in-
dicating that high-momentum collisions contribute only weakly to the excitation
process.

The present study provides new theoretical data for generalized oscillator
strengths of confined lithium atoms in quantum plasmas and demonstrates the
importance of simultaneously accounting for spherical confinement and quantum
plasma screening. These results should be useful for modeling electron-atom col-
lision processes and may contribute to plasma diagnostics and the interpretation

of spectroscopic measurements in laboratory and astrophysical plasmas.

Author Contributions

Conceptualization, L. GOMIS, M. COULIBALY and C. DIATTA.; methodology,
L. GOMIS, C. DIATTA and R. GOMIS; software, M. COULIBALY, I. KLADOUM
and A. KOSSL; validation, C. DIATTA, M. S. DIOMBATY, and I. G. FAYE; for-
mal analysis, L. GOMIS and M. COULIBALY; investigation, Y. DIOUF; resources,
L. GOMIS and M. COULIBALY; writing—original draft preparation, L. GOMIS,
C.DIATTA, Y. DIOUF and I. G. FAYE; writing—review and editing, L. GOMIS,
M. COULIBALY and C. DIATTA; visualization, C. DIATTA, A. C. WADE; su-
pervision, L. GOMIS and M. S. TALL.

All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

[1] RefQi, Y.Y. and Ning, L.N. (2014) Dynamic Processes and Polarizability of Sodium
Atom in Debye Plasmas. Physics of Plasmas, 21, Article 033301.
https://doi.org/10.1063/1.4867060

[2] Martinez-Flores, C. (2020) Generalized Oscillator Strengths for the Ground State
[2p63s]*S of Sodium Atom Embedded in a Plasma Medium. Chemical Physics, 535,
Article 110759. https://doi.org/10.1016/j.chemphys.2020.110759

[3] Diallo, S., Gomis, L., Faye, I.G., Tall, M.S., Diédhiou, I., Diatta, C.S., et al (2015) Elec-
tron Impact Excitation of Helium in Debye Plasma. Physics of Plasmas, 22, Article
033517. https://doi.org/10.1063/1.4916582

[4] Federman, S.R. and Lambert, D.L. (2002) The Need for Accurate Oscillator Strengths
and Cross Sections in Studies of Diffuse Interstellar Clouds and Cometary Atmos-
pheres. Journal of Electron Spectroscopy and Related Phenomena, 123, 161-171.
https://doi.org/10.1016/s0368-2048(02)00017-8

[5] Bahar, M.K. (2022) Manipulating the Orbital Charge-Currents of Compressed Li and
Na Atom Embedded in Quantum Plasma. Chemical Physics, 557, Article 111484.
https://doi.org/10.1016/j.chemphys.2022.111484

[6] Gomis, L., Diatta, C., Faye, L.G., Diouf, Y., Coulibaly, M., Gomis, R., et al (2025)
Modulation of the Excitation Characteristics of the Na Atom in Quantum Plasma via
Spherical Confinement and Plasma Screening. World Journal of Nuclear Science and

DOI: 10.4236/jqis.2026.163016

465 Journal of Quantum Information Science


https://doi.org/10.4236/jqis.2026.163016
https://doi.org/10.1063/1.4867060
https://doi.org/10.1016/j.chemphys.2020.110759
https://doi.org/10.1063/1.4916582
https://doi.org/10.1016/s0368-2048(02)00017-8
https://doi.org/10.1016/j.chemphys.2022.111484

L. Gomis et al.

(7]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Technology, 15, 135-153. https://doi.org/10.4236/wijnst.2025.154010

Amusia, M.Y. and Chernysheva, L.V. (1997) Computation of Atomic Processes A
Handbook for ATOM Programs. Institute of Physics Publishing.

Amusia, Y. (1990) Atomic Photoeffect. Springer.
https://link.springer.com/book/10.1007/978-1-4757-9328-4#bibliographic-infor-

mation

Thiele, R., Son, S., Ziaja, B. and Santra, R. (2012) Effect of Screening by External
Charges on the Atomic Orbitals and Photoinduced Processes within the Hartree-
Fock-Slater Atom. Physical Review A, 86, Article 033411.
https://doi.org/10.1103/physreva.86.033411

Diatta, C., Gomis, L., Faye, I.G., Martinez-Flores, C., Tall, M.S., Diouf, Y., et al. (2024)
Generalized Oscillator Strength of Valence-Shell Excitations of Atomic Sodium in
Debye Plasma within the Frame of Two Various Methods. Open Journal of Applied
Sciences, 14, 3649-3667. https://doi.org/10.4236/ojapps.2024.1412239

Mondal, S., Nayek, S.K. and Saha, J.K. (2021) Structural Properties of Li Atom under
Quantum and Classical Plasmas: A Composite Variational Framework. Contribu-
tions to Plasma Physics, 61, €202100009. https://doi.org/10.1002/ctpp.202100009

Pandey, M.K,, Lin, Y.C. and Ho, Y.K. (2016) Positronium Formation in Collisions
between Positrons and Alkali-Metal Atoms (Li, Na, K, Rb and Cs) in Debye Plasma
Environments. Journal of Physics B: Atomic, Molecular and Optical Physics, 49, Ar-
ticle 034007. https://doi.org/10.1088/0953-4075/49/3/034007

Li, H.W. and Kar, S. (2012) Polarizabilities of Li and Na in Debye Plasmas. Physics of
Plasmas, 19, Article 073303. https://doi.org/10.1063/1.4739229

Kang, S., He, J., Xu, N. and Chen, C. (2014) Polarizabilities and Hyperpolarizabilities
for Lithium Atoms in Debye Plasmas. Communications in Theoretical Physics, 62,
881-887. https://doi.org/10.1088/0253-6102/62/6/17

Wiese, W.L. and Fuhr, J.R. (2009) Accurate Atomic Transition Probabilities for Hy-
drogen, Helium, and Lithium. Journal of Physical and Chemical Reference Data, 38,
565-720. https://doi.org/10.1063/1.3077727

Ning, L.N. and Qj, Y.Y. (2012) Static Electric Dipole Polarizability of Lithium Atoms
in Debye Plasmas. Chinese Physics B, 21, Article 123201.
https://doi.org/10.1088/1674-1056/21/12/123201

Ordu, G. and Bahar, M.K. (2025) Selected Spectroscopic Characteristics of Lithium
Atom Confined in Endofullerene with Noncentral Interaction within Quantum
Plasma. Few- Body Systems, 66, Article No. 22.
https://doi.org/10.1007/s00601-025-01993-x

Gonmis, L., Diedhiou, I., Tall, M.S., Diallo, S., Diatta, C.S. and Niassy, B. (2007) Quad-
rupole and Monopole Generalized Oscillator Strength for 2p-3p, 2p-4p Transition
of Neon Atomic in the Velocity Formulation. Physica Scripta, 76, 494-500.
https://doi.org/10.1088/0031-8949/76/5/016

Qi, Y.Y., Wu, Y., Wang, J.G. and Qu, Y.Z. (2009) The Generalized Oscillator
Strengths of Hydrogenlike Ions in Debye Plasmas. Physics of Plasmas, 16, Article
023502. https://doi.org/10.1063/1.3073675

DOI: 10.4236/jqis.2026.163016

466 Journal of Quantum Information Science


https://doi.org/10.4236/jqis.2026.163016
https://doi.org/10.4236/wjnst.2025.154010
https://link.springer.com/book/10.1007/978-1-4757-9328-4#bibliographic-information
https://link.springer.com/book/10.1007/978-1-4757-9328-4#bibliographic-information
https://doi.org/10.1103/physreva.86.033411
https://doi.org/10.4236/ojapps.2024.1412239
https://doi.org/10.1002/ctpp.202100009
https://doi.org/10.1088/0953-4075/49/3/034007
https://doi.org/10.1063/1.4739229
https://doi.org/10.1088/0253-6102/62/6/17
https://doi.org/10.1063/1.3077727
https://doi.org/10.1088/1674-1056/21/12/123201
https://doi.org/10.1007/s00601-025-01993-x
https://doi.org/10.1088/0031-8949/76/5/016
https://doi.org/10.1063/1.3073675

	Generalized Oscillator Strengths for Dipole 2s→(2p, 3p, 4p) and Quadrupole 2s→(3d, 4d) Excitations of Spherical Compressed Atomic Lithium Immersed in a Quantum Plasma
	Abstract
	Keywords
	1. Introduction
	2. Main Points of Calculation
	3. Calculated Results for GOS
	3.1. Dipole Excitations
	3.2. Quadrupole Excitations

	4. Conclusions
	Author Contributions
	Conflicts of Interest
	References

