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Hydrogenic impurity effect on optical properties of Wannier-Mott exciton
confined in a spherical quantum dot with Kratzer potential under magnetic field
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Confinement effects of Kratzer potential on a Wannier-Mott Exciton(W-M) are studied in a spherical quantum dot(QD) in the presence of
a static magnetic field. Time independent Salinger equation is solved numerically to obtain the energy states. The excitonic transitions

so realized have been used to explore the non-linear optical properties that are important for optical characterization of materials such as thi
optical absorption coefficients (ACs) and refractive index changes (RICs). Impact of magnetic field, strength of the laser field and transition
parameters using familiar compact density matrix approach are also analyzed. It has been observed that optical properties get radicall
modified under confinement effects. Also, the shift of degeneracy of different excitonic energy levels with the magnetic field in confinement
potential has been reported for the first time for W-M exciton in the spherical quantum dot, the study that may have crucial input to the
literature and myriad of practical implications.
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1. Introduction Analog to electron-proton bound systems in solid-state

physics, in semiconductor nanomaterials, we have electron
Nanomaterials grabbed the most attention of the researcheasid hole pairs whose bound state is called an exciton, which
due to their completely different properties from bulk mate-is the result of Coulomb interaction. Between confined elec-
rials. A lot of deliberate research is going on currently duetron and hole, the study of exciton in QD breeds a new arena
to promising applications of nanomaterials in diverse fieldsof application as shown by various researchers in earlier stud-
The reason for this inclination is owing to the fact that as weies [20].

go in low dimensions as in QDs , without loss of general- . . -
; . . ; For semiconductors, we have a high susceptibility value,
ity, we get single discrete levels instead of the band struc-

ture, and hence become the greatest promising nanomateW—hICh implies less binding energy, so it is fair to con-

: . ; R . sider Wannier-Mott(W-M) exciton with a large radius due to
als for wide variety of electronic applications like solar cells, . .
: o . . creening of Coulomb force between electron-hole pair. The
transistors, LEDs, medical imaging, quantum computing, an

: ; -M model- [12] has three assumptions i) Parabolic bands
hence have been explored both theoretically and experimen- : -
L . are used instead of real band structure ii)Valance and con-
tally [1-7]. QDs properties lie in between bulk semiconduc- . L .
. . uction bands wave function’s minute shape is spurned and
tors and discrete atoms/molecules. QDs can have d|fferer.c1{ o . . T .
. ) ; ||Q In real space, localization of dielectric function is consid-
shapes and sizes and rapid progress has been made in fab-

S : : . Fred.
rication techniques of various QDs. We can have spherical;
semi-spherical, disk, ring, or elliptical shapes[8-11]. The size  Experimentalists successfully observed exciton in QDs in
of the quantum dot is very crucial in the measurement of endifferent materials [13-15], the results of which have been
ergies of the system. Large size QDs emission spectra lieerified by theoreticians as well. QDs have spectacular opti-
in the red wavelength region and small size QDs in the blueal and electronic properties and hence their study is signifi-

region. cant in designing optoelectronic devices. Various factors af-



2 VARSHA, R. GIRI, M. ARORA, AND V. PRASAD

fecting the optical properties like the electric field, magneticparticular shapes. Silotia, Joshi and Prasad [44] studied the
field, impurity factor, different confining potential, tempera- energy spectrum and dipole matrix(DM) for a multiple quan-
ture, and hydrostatic pressure etc. [16-19] have been studigdm well in the static magnetic field and intense laser pulse
extensively. using finite difference method. Nautiyal and Silotia [45] stud-
QDs demonstrate enhanced response to the externald the second harmonic generation in a disk-shaped QD in
fields and hence show varied non-linear optical propertiethe presence of spin-orbit interaction within the framework
such as absorption coefficients(ACs) and refractive indexf FDM.
changes(RICs). These materials can be used in tunable QD Further, we have calculated the optical ACs and RICs for
laser [21] as the energy of excitonic states changes due #/-M exciton in a spherical QD in the magnetic field with and
confinement. without Kratzer potential and studied the pattern of change
Excitonic interactions have been studied in numerousn optical properties(ACs and RICs) in the presence of mag-
confining potentials like quantum ring [22], parabolic con- netic field using compact density matrix approach that has
finement [23-25], Gaussian confinement [26] etc. In thebeen well documented in the available literature. Present
present paper, we have studied non-linear optical propertiegork is the extension of our previous work where we calcu-
in a Kratzer potential in a spherical QD under the effect oflated the ACs and RICs both linear and third-order non-linear
periodic laser field and magnetic field. Kratzer potential iswithout the strength of the magnetic field and in the present
very near to realistic experimental potential and has applicamanuscript, we are calculation ACs and RICs with magnetic
tions in atomic and molecular physics [27], quantum chemf{ield presence for different excitonic transitions, which may
istry [28], information theory [29], nuclear physics [25-30]. be helpful for the understanding of favorable transitions for
Itis a very elementary interaction potential model in quanturpetter optical response to external fields in the future studies
mechanics, a special case of the general form of Lennardand device designing.
Jones potential and closely resembles the Morse potential The paper has been organized as follows: Section 2
[31,32]. The novel properties of QDs arise from shape ofgives the theoretical understanding essential for this problem,
confining potential as it precisely affects the energy and beSec. 3 gives the details of the results and discussion so ob-
havior of exciton in the laser field. tained and Sec. 4 illustrates the brief conclusion of the find-
Due to the importance of Kratzer potential, low- ings of this paper.
dimensional studies have captured a lot of attention [33,34] of
many researchers. Batra and Prasad [35] have studied the op-  Theoretical mathod
tical properties of conduction band electrons of spherical QD
in Kratzer potential, in the work, they have shown that notwe consider a Wannier-Mott exciton confined in a 3D spheri-
only parameters of the QD but also the parameters of Kratzeral quantum dot with confinement potential defined/bgr).
potential influence optical properties quite drastically. Non-Using normal mathematical calculations for the centre of
central Kratzer potential also is now highly pursued poten-mass and relative motion of the exciton can be separated out
tial in two dimensional and three-dimensional quantum sysand as is well known that the dynamics of the system is un-
tems [36]. In a recent paper, we have shown results of theerstood by considering only the relative part of the Hamil-
energy of the W-M exciton in spherical QD in Kratzer poten- tonian. For further presentation, we only present results and
tial and its dependence on the size of QD, potential paramequation related to the relative motion of the system. The rel-
eter, and permittivity of the medium [38]. So far, electronic ative part of the Hamiltonian for the excitonic system in the
properties have been studied mostly using this potential [37Jabsence of magnetic field using effective mass approximation
However, in this work, we extend our study to excitonic tran-is(for details please see [9, 20])
sitions, as in low dimensional systems, excitons play an im- )
perative role in understanding the basic physics of the system. Hy = r- Vi) — € 1)
Compared to Refs. [35,37], here we have considered exci- 2p er
tonic transitions in external magnetic field with Kratzer po-
tential confinement and optical response is studied using las

pulse. The screened Coulomb interaction plays a signiﬁcar]jiven by = (mZmps)/(m? + myx) wherem? is the effec-

role in this study as the dielectric constant of the mediumtive mass of the electron and* is the effective mass of the
introduces the screening of the above-said force. Many re h

hers h ved Sei i f svst 2 ""hole, € is the permittivity of the medium in which exciton
searchers have solved SOUInger equation ot system using ;¢ embeddedg is the charge of electrom, is the separation
variational [40,41], the Nikiforov-Uvarov [42] or the asymp-
totic iterati thod 1431. Due to the trivial behavior of th between electron and hole.
0 'ct; era |onhme OI [ d]fh ue toihe trivia t'e avior Oth € The total confining potentialV.(r) = Vi(r) + Va(r),
system, we nave soved e iNger equation using the whereV (r) represents hard spherical confinement potential
finite difference method (FDM) along with perturbation the- P .

: o .~ and is given by:

ory [39]. The advantage of the FDM is that it gives quick
accurate results, is low on memory and is more efficient for 0, |r|<R
the evaluation of eigenstates of complex nanostructures with Vi(r) = oo, |r|>R. "’

whereH, denotes the unperturbed Hamiltoniatis the mo-
Fhentum of the W-M excitony is the reduced mass of exciton

)
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whereR is the radius of the QD ani(r) is having the form  2.1. Case-1: W-M excitons in spherical QD in presence
of Kratzer potential which will be defined later on. of hydrogenic or donor impurites

From the expression df;(r), it is clear that this con- ) o .
finement squeezes the excitons and creates a quantum cokhe potential for a hydrogenic impurity located at the centre
fining region which is identical to a particle confined in a ©f symmetry of spherical QD has the form

box. V,(r) is the potential available inside the QD. Next, we _
apply a magnetic field in the z-direction, then the interaction Va(r) = , 9)
Hamiltonian is given by, r
7+ ﬁff)g o2 where,Z’ is whole numbefZ’ = 0,1,2,...). We are solv-
H= £ + Va(r) — —. (2) ing for only three values o’ = 0, 1 and 2.
2 er The Schbdinger equation, so obtained for this case can
Magnetic field introduces the Zeeman Splitting between theye reduced to Eq8]. The equation in presence of spher-
excitonic energy levels. ical confinement cannot be solved analytically for£ 0
A'is the vector potential written as states, but numerically using FDM. However, for larfe
i (_1 (7 g)) 3 (R — o0), the equation admits an analytical solution, as de-
- 2 ’ scribed in Appendix A which match very well for low lying

states with the numerical solution obtained using FDM as the

analytic method is a generalized approximation for lafye
r =rsinfcos¢p, y=rsinfsing, z=rcosh, (4) e free system.

Using spherical polar coordinates.

we get the Hamiltonian as:

2.2. ASE-2: K P ial
p?  2B2%? sin2(9) ¢BL o2 CAS ratzer Potentia

a= 2 * 8puc? 2uc + Va(r) er’ ®) The Kratzer potential is defined as follow
Here, the magnetic field dependent term is treated as a per- 9
turbation as it's magnitude is small compared to the other Va(r) =V <a _ a2) ) (10)
terms. Hence, the total Hamiltonian can be rearranged into roo2r

two terms as Here, V, decides the minima of the potential andknown

_ H = Hy +H1’_ _ _ ®)  as the potential parameter determines the position where
where, H,, is the unperturbed Hamiltonian given by Ed) ( dip/minima of potential occur. As — oo, the potential
andH, is the perturbed Hamiltonian given as: asymptotically to zero. The strength of the potential is ad-

e?B%r?sin*(9)  eBL. justed by changing the ratio efandr.
H, = 812 e (7 The analytical solution for Schdinger equation using

this potential is given in Appendix B and they match reason-
ably with the numerical results obtained using FDM. Once
the energy eigenvalues and eigenvectors are found, the effect
of magnetic field can be solved by using the diagonalization
dnethod,i.e., we expand the wavefunction in terms of expan-
sion coefficients”,, as® = )", C,, v, and substitute in the
equation s.t.

Our first task is to find the excitonic levels for unper-
turbed HamiltonianH, satisfying the following equation
Hy Yuim = Enpn Y inside the QD. Here),,;,,, are un-
perturbed wavefunctions ard,;,,, are unperturbed energies.

Using spherical polar coordinates and applying metho
of separation of variables, the wavefunction is written as

/wnlm(n 97 (b) = Rnl (T)7 Y—lm(97 (b) = R(T)7
H® = (Hy + H))® = ), ®, (11)

nlm

Ylm(97¢>) = @; YPlnL(H; ¢)a

R, (r) or R(r) is the radial part of the wavefunction and

where< ,,,| H1 ¢, > using Eq.[{) becomes

. . . 2 P2
Yim (0, ¢) is the spherical harmonics. e’B 2 2
’ . . . . —— <R Ry >< Yinls NNYyp >
The equation for radial part is reduced to the following ~ 8uc? i Bt im| SZ(O) v
form ¢B
—10%u e2 ({l+1) + <Y | LYy > . (12)
— S =Enmu(r). (8 2pe
o 8r2+ Va(r) €r+ Sr? u(r) mu(r).  (8)

The radial and angular matrix elements are evaluated in
Eq. (12) numerically. The dressed wave function after per-
turbation are given by

EquationB) is solved numerically using FDM for calculation
of unpurtubed energy and wavefunction. Heris principal

guantum numbet, is angular quantum number andis the

azimuthal quantum number. Here, we have considered two P, — Z Ciith; (13)
different confining potentials foF;(r) and the solution of ’ R
the Schédinger equation with these potentials is divided into
two parts which are given below. where(;; defines the coefficients of multiplication.

j=1l—n
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2.3. Optical properties
The analytical expressions of linear and third-order non-
linear ACs and RICs in terms of non-linear susceptibility are

ACs and RICs are calculated using density matrix formula-

tion. These are dependent on susceptibility of medium which

is a tensor quantity derived from the DM. Let a periodic laser a® (W) = w /ﬂlm[eox(?’) @),
€r

The expressions for both linear and third-order non-linear m
oz(l)( ) =wy/ —Im[eox(l)(w)],
€r

—

E(t), of angular frequency, be incident on the QD. In the
frequency domain, the polarization densityt) is related to

(1) (1)
the electric field by the optical susceptibiliyw) as An'D(w) _ RexV(w)]

Ny 2n2 ’
An®(w) _ Re[x®(w)] (14)
P(t) ~ cox M (w)Ee) + egx®) (w)Ee?), Ny 2n2 )

Heren, is refractive index of the mediumAn(™ (w)/n,
and An®)(w)/n, shows the linear and non-linear relative
wheree is the permittivity of the free spacg ™ is the nth ~ changes in the refractive index of the medium.

order susceptibility of the quantum system. After solving for linear and non-linear susceptibility co-
efficient, the expression for linear and third-order non-linear

|  ACsand RICs are as follow [46,47]

2
W) — 2 N|Mi;[*hi;
a'(w) =w,y/ & (= o2+ (hr (15)
2
B) () = g, [ F AN | Mig|*hri; 2 (M M2
() v e 2n, ((Eji — hw)? + (h1i;)?)? M (M35 = Mis)
o SEJQZ — 4Eﬂ(hw) + hQ(MQ — 7'7,2]) (16)
E3; + (hrij)? ’
Ny N 271%60 (E]z - hw)2 + (hTij)2’
An®)(w) ucI N | M5
=- c 4| M;;1?(Ej; — hw) — (M;; — M;;)*
n, 4n;’60 ((E]Z _ hw)g =+ (hTij)2)2 | J‘ ( Jt ) ( 73 )
o [ Eji = D) [Bji(Bji — hw) = (hr5)%]  (h75)* x (2B} — hw) (18)
EZ, + (hrig)? EZ, + (hrij)? ’

whereM;; are the dipole transition matrix element between
the it" state and the’" state,c is speed of light in free
space,F;; = E; — E;, is the energy difference between
two excitonic states, is magnetic permeability of medium,
7;; 1S the relaxation time between two statesdenoted the
real Component of perr‘n|tt|\/|'[31’\/v is the number density’ and We have calculated theoretical results for a three dimensional
I = 2eon,c|E|? is the intensity of laser field. The total ACs W-M exciton in a spherical GaAs QD in a static magnetic
and RICs is field with Kratzer potential confinement and have used laser
field interaction for calculating the ACs and RICs. For the
calculation of different results, we have used following pa-

3. Results and discussion

_ 1 3
a(w,I) = aW(w) + o (w, 1), (19) rametersm; = 0.067m., mj = 0.09m., wherem, is
An(w, I) An(l)(w) An(3)(w,I) the free electron mass, the dielectric constant 12.4,
= + ; (200 R =200A, N = 5.0 x 10> m=3) andr;; = 1.0/0.14

fir i fir ps—b, V, = 228 meV,n, = 3.2 for our study unless men-

tioned other values.

Rev. Mex. Fis68 050504
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TABLE |. Energy eigenvalues for W-M exciton under spherically TABLE II. Energy eigenvalues for W-M exciton for large radius
confined Kratzer potential for different values of magnetic field. £ = 5000 A, a = 20 A at B = 0 T. Results are expressed in
We haveR = 200A. Results are expressed in meV with Kratzer meV. The numerical results using FDM match well for the low ly-

Potential. ing states with the analytical results using Appendix A.
nl B =0T B=2T B=5T nl Vao(r)=0  Va(r)=—1/er  Va(r) = —2/er
1s -82.10 -76.48 53.12 Is 0.04 -3.40 -13.59
1p -63.61 -59.90 -43.55 1p 0.08 -0.85 -3.40
1d -32.15 -26.95 1.19 1d 0.13 -0.38 -151
1f 7.80 13.64 42.41 1f 0.19 -0.20 0.85
2s 27.40 33.90 65.84 2s 0.16 -0.85 -3.40
2p 52.67 56.65 79.05 2p 0.24 -0.38 -1.51
2d 97.78 102.69 131.26 2d 0.33 -0.19 -0.85
2f 156.70 161.85 188.70 2f 0.43 -0.03 -0.54
3s 193.89 200.18 232.05 3s 0.35 -0.38 151
3p 226.63 230.46 251.44 3p 0.47 -0.17 085
3d 285.29 289.93 316.36 3d 0.60 0.03 -0.54
3f 362.03 366.85 392.04 3f 0.74 0.23 0.31
4s 414.82 420.99 453.60 4s 0.63 -0.16 -0.85
4p 454.84 458.57 479.24 4p 0.79 0.08 -0.53
4d 526.65 531.19 558.50 4d 0.96 0.34 0.28
4 620.66 625.34 651.80 At 114 0.58 0.00

We have displayed the energies of excitonic levels for 16
states for various magnetic field values in Table | with Kratzer I ' ]
potential confinement.
At B=2T

The confinement potential and size of QD are antagonists | s e o
to each other and hence result in distinct energy levels with Frzod y
the Kratzer potential confinement. As there is a competition
of attractive and repulsive terms in Kratzer potential, we have
few bound states in the system. As shown in table, increasing -
magnetic field, the energy of all levels also increase which is £ ,, 1
due to the parabolic dependence on the magnetic field. S

Table 11, shows the variation of energy of different exci- ¢
tonic levels for distinct hydrogenic impurities. The results are
found in good agreement with the analytical solution givenin 20
Appendix A. The agreement only holds for low-lying states
as this is an approximation without any quantum confine-
ment, so even if we have taken a largevalue, the angular
quantum number still has an impact. We also observe that y { | S
the number of states matching with analytic results increases o SRR T L
with an increase of’. This is due to an increase of attrac-
tive coulombic interaction due to which the system is getting™/SURE 1. Absorption Coefficients and Refractive Index Changes
more bound. It can be noted that coulombic potential haé/arlatlon with laser beam intensity for the transitions ns-mp in

. . Kratzer potential aB = 2 T, with Confinement radiug is taken as
interesting effects on the energy levels of the system. 200A. Solid lines are with Kratzer potential confinement of exciton

Using the linearly polarized periodic laser we have stud-in spherical QD and dotted lines are for without potential confine-
ied the optical ACs and RICs for different transitions. Fig- ment of exciton in spherical QD.

ures 1, 2, 3, and 4 shows the study of the total nonlinear op-

tical properties of the W-M exciton in Kratzer potential at out Kratzer potential confinement. We have calculated DM

a magnetic field strength of 2 T with and without the con-elements with and without magnetic fields and also compared
finement in Kratzer potential in which solid curve is for with their results for various transitions. The intensity of the laser

Kratzer potential confinement and dotted curves is for with- is varied to highlight the non-linear effects.

T T

AtB=2T
1=5 MW/cm?
R=200 A°

5000 b

T

T

AnMin + An®n

30001

An/n,

1000

s 4
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FIGURE 4. Absorption Coefficients and Refractive Index Changes
variation with laser beam intensity for the transitions nd-nf in

FIGURE 2. Absorption Coefficients and Refractive Index Changes Kratzer potential aB = 2T, with Confinement radiug is taken as
variation with laser beam intensity for the transitions ns-np in 200A. Solid lines are with Kratzer potential confinement of exciton

Kratzer potential aB = 2 T, with Confinement radiug is taken as

in spherical QD and dotted lines are for without potential confine-

200A. Solid lines are with Kratzer potential confinement of exciton ment of exciton in spherical QD.
in spherical QD and dotted lines are for without potential confine-
ment of exciton in spherical QD.

x10*

B=2T
1=0.2 MW/cm?
R=200 A°

100
Laser beam energy(meV)

60 80

FIGURE 3. Absorption Coefficients and Refractive Index Changes
variation with laser beam intensity for the transitions np-nd in

»

A+ An®n

x

An/n

T T
B=2T

1=0.2 MW/cm?
R=200 A°

3p-3d

20

1 1 I
40 60 80 100 120 140150
Laser beam energy(meV)

Kratzer potential aB = 2 T, with Confinement radiug is taken as

200A. Solid lines are with Kratzer potential confinement of exciton
in spherical QD and dotted lines are for without potential confine- 2d —

ment of exciton in spherical QD.

Figure 3 shows the optical ACs and RICs for— (n+1)p
transitions atB =2 Ti.e. 1s — 2p, 2s — 3p, 3s — 4p with the
help of an infrared laser beam of intensity 5 MW£niere
Solid lines are with Kratzer potential confinement of exci- tential case ohp — nd andnd — n f transitions. Foip — 1d,
ton in spherical QD and dotted lines are for without potential2p — 2d, and3p — 3d (1d — 1f, 2d — 2f, and3d — 3 f) exci-
confinement of exciton in spherical QD. It is clear that thetonic transition peaks amplitude enhances but the amplitude
2s — 3p transition has drastically modified ACs and RICs of 4p — 4d (4d — 4f) decreases.

with Kratzer potential as compared 16 — 2p and3s — 4p
transitions, we see a blueshiftin—2p transition angs—4p
transition shows a redshift with the Kratzer potential con-
finement in the presence of the magnetic field. As with the
presence of Kratzer potential, we see an interplay with the
coulomb and Kratzer term, also the DM element has a signif-
icant role, so itis not fixed that in a particular manner we will
see redshift or blueshift.

Figure 4 shows the ACs and RICs fos — np transition
i.e. 1s — 1p, 2s — 2p, 3s — 3p, 4s —4p at B = 2 T us-
ing infrared laser beam of intensity 0.5 MW/énSolid lines
are with Kratzer potential confinement of exciton in spherical
QD and dotted lines are for without potential confinement of
exciton in spherical QD.

From Fig. 4, Thens — np excitonic transitions show a
decrease in the amplitude of optical AC and RIC peaks with
the presence of Kratzer potential for along with a redshift in
energy for all the transitionise. 1s — 1p, 2s — 2p, 3s — 3p,
and4s — 4p which is expected as resulted from distinct states
on using the confinement potential.

Figure 5 represents the ACs and RICsfigr— nd exci-
tonic transitions.e. 1p—1d, 2p—2d, 3p—3d, 4p—4d with the
intensity of laser beam 0.2 MW/cmand Fig. 6 displays the
ACs and RICs fond — n f excitonic transitions.e. 1d — 1f,
2f,3d — 3f, 4d — 4f with the intensity of laser beam

2 MW/cn? atB=2T.

The Figs. 5 and 6 shows that with the effect of Kratzer
potential confinement, the excitonic optical ACs and RICs
transition peaks occur at low laser beam energy(mid infrared
range)i.e. a redshift is observed from the without Kratzer po-

Rev. Mex. Fis68 050504
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-1000
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L
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a.u. and 3.2126 a.u. and forB=5T, it is 55.4881a.u. and
6.1203 a.u. respectively.

To elaborate more on the difference of strength of the
magnetic field, in Figs. 7 and 8 we have shown ACs for W-
M exciton single transitions — 2p and1p — 1d in Kratzer
potential for different magnetic field strength and intensity 5
MWi/cm? and 0.2 MW/cm for R = 200 A anda = 100 A
respectively.

From Fig. 7, we observe a redshift with an increase in the
magnetic field strength which implies lowering of energy gap
with increasing strength of magnetic field betweento 2p
transition. In Fig. 8 we observe blueshift with an increase
in the magnetic field strength. This explains that the inter-
action of different states with the external magnetic field is
dependent on the principal and angular quantum number of

FIGURE 5. Absorption Coefficient variation with the energy of different states.

laser beam intensity in the presence of Kratzer potential (a) for

1s — 2p Transition, with different magnetic field strength.

= oMy a®m)

1p-1d Transition
1=0.2 MW/cm?
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FIGURE 6. Absorption Coefficient variation with the energy of
laser beam intensity in the presence of Kratzer potentiadlgor 1d
Transition, with different magnetic field strength.

dependent of intensity changes and nonlinear ACs and RIC

These results explain that the linear ACs and RICs are in-

4. Summary and conclusion

In this work, we have used Kratzer potential confinement
for the study of electronic levels of Wannier-Mott exciton in
spherical confinement in the presence of magnetic field and
calculated dipole matrix elements for investigation of linear
and non-linear Absorption coefficients and linear and third-
order non-linear refractive index changes using a static laser
field radiation. From the results, we have found the vari-
ous factors affecting energy eigenvalues and eigenfunctions
including the size of the quantum dot, potential parameter,
and magnetic field strength, which gives insight into the con-
trolled energy of exciton levels. The redshift or blueshift in
optical ACs and RICs is dependent on the principal quantum
number as well as on angular guantum number along with the
strength of the magnetic field applied. We also observed that
there are few transitions in which the confinement potential
increases and in some decreases the amplitude of the exci-
tonic ACs and RICs. This understanding of excitonic transi-
tions is very helpful for designing optoelectronic devices and
concludes with the tuning of factors affecting optical prop-
erties. This study is an asset for future work in the field of
%ptoelectronic devices.

All the authors contributed equally to the manuscript.

vary with change in intensity. It is very interesting to note

that the size of QD plays an important role in the optical

property for a given transition. For small(< 100 A), it  Declaration of interests

is revealed that Kratzer potential confinement, in general, en-

hances the optical properties for excitonic transitions but irThe authors declare that they have no known competing fi-

large R(> 200) A, it is transition dependent. nancial interests or personal relationships that could have ap-
These results give an insight into which particular exci-peared to influence the work reported in this paper.

tonic transitions are favorable. We have also found that the

DM element need not necessarily increase with an increase .

in the magnetic field strength, some got decreasgd For ~ APPeNdixX A

R = 100 A for 1d — 1f transition withB = 0 T, the DM

element is 62.4810 atomic units (a.u.) and with= 5 T, itis

59.5641 a.u. Similarly, fotp—1d, for B = 0 T, DM element

is 57.9851 a.u. and witls = 5 T, it is 55.3439 a.u. whereas

for1s —1pandls — 2p for B = 0 T DM element is 54.9043

The Analytical solution for Hydrogenic or donor impurity
[48], for 3D, the potential is

Vir)= _Z

er r2 r

A l(l+1
AU+

rz

I(1+1)

(A1)
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where )
A= <) . (A.2)
€
The radial and angular equations are
2 l(l+1
1)+ 2R )~ )
A
Y (E ; ) Ru() =0,  (A3)
L*Yin (6, ¢) = U1 +1)Yim (6, ¢) = 0. (A.4)
Using variable transformation
K=+/(=8uE) r, p= <\/;g> (4),
0(0+1)=1(1+1), (A.5)

where for bound states we haye> 0 and realx > 0, and

where

A= <Voa + 1) and B = Vyad?. (B.2)
€

The radial and angular equations are

2 (l+1
(1) + ;R;Lz(r) - %

nl

Rnl (7’)

A B
+2p (E + P 7“2> Rnl(r) =0, (B.3)

imposing boundary condition on radial equation above, we

have
1/ 2 /
(=L
4
The solution for the above equation is given as

R, (k) =G exp(f/f/2)/<;51F1(fnr, 20 + 2;k), (A7)

(M) R(x) = 0. (A.6)

p
+/<; K2

h
where 94

SRR 49

and
B 3 (ny +25 —2)!
G = | (i
which after normalization becomes

B (f)25+3(n7~)!
B (r) = {2(nr +0+2)(ny +25+1)!

X exp(—Gnlr/Q)r‘sL%‘i+l(r),

(1/2)
] . (A9

}(1/2)

(A.10)
andit’s energy eigenvalues is

—2uA?
[2n, + 21 + 2]2°
So, the total wavefunction is given as

d%lm('ﬂ = GnZRnl(r))/lm(aa ¢)

(A.11)

nl

(A.12)

Appendix B

The Analytical solution for Kratzer potential [48], for 3D, the
potential is

Voa+3)  Vea? 1(1+1
(W 6)+og+(+)
T T
B

2

V() =

A

r T

UESY
7«2

; (B.1)

LYy (0, 6) — (L + 1)Yin (6, ) = 0. (B.4)
Using variable transformation
k= (=8uE)r, p= ( 25) (A),
5(6+1)=2uB+I1(l+1), (B.5)

where for bound states we haye> 0 and realx > 0, and
imposing boundary condition on radial equation above, we
have

5(6 +1)

-1
“lor_
K

4

R(k) =0.
(B.6)

R"(k) + %R/(K) +

K

The solution for the above equation is given as
Ry, 1(k) = Gryexp(—r/2)K° 1 Fy (—n,, 20 + 2; 1), (B.7)

where
24

E:nML6+1’

(B.8)

and

(ny 4+ 20 — 2)!

(1/2)
(ny)12(n, + 1)] ’ (89

Gnl = |:(§)3
which after normalization becomes

B (5)26+3(nr)!
B (r) = {Q(nr +0+2)(nr +26+1)!

X exp(—Gnlr/2)r6L$L‘i+1(r),

](1/2)

(B.10)
andit’s energy eigenvalues is

—2pA?

Ent = 20, + 14 /(20 +1)2) 4 8uB?’

(B.11)

So, the total wavefunction is given as

’l/)nlm(r) = Gannl (T)Km(e, (b) (B.12)
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