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Abstract: The present inquiry minutely inspects the intersubband transition energy (ISTE) and the 

normalized intersubband transition energy (NISTE) of GaAs quantum dot (QD) under the direct 

influence of Gaussian white noise present in the dot confinement potential. The various features of the 

ISTE and NISTE plots against the variations of different physical parameters depend on the 

presence/absence of noise and the mode of entrance (additive and multiplicative) of noise. These 

features comprise steady growth, steady fall, maximization, minimization, and change in the relative 

magnitudes of ISTE and NISTE. Moreover, when the presence of anharmonicity in the QD confinement 

is considered, it comes out that the symmetry (odd/even) and the strength of the anharmonic potential 

also modulate the ISTE and the NISTE profiles. Throughout the entire study, the NISTE plots unveil 

their greater efficacy over the ISTE plots in realizing the effects of various physical quantities. The 

study's findings may shed light on the optical properties of low-dimensional nanostructures under the 

influence of noise and in the presence of anharmonicity.  

Keywords: quantum dot; anharmonicity; Gaussian white noise; intersubband transition energy; 

normalized intersubband transition energy. 
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1. Introduction 

Progresses in semiconductor nanotechnology in the last three decades have become 

able to produce low-dimensional nanostructures such as quantum wells (QWLs), quantum 

wires (QWRs), quantum well wires (QWWs), and quantum dots (QDs). These low-

dimensional nanostructures are highly acclaimed thanks to their role in realizing basic physics 

and profound usage in various microelectronic, optoelectronic, and photonic devices. 

External perturbations such as applied electric field, magnetic field, temperature, 

pressure, etc., noticeably influence the electronic and optical properties of low-dimensional 

nanostructures. As a result, the properties of these systems can be regulated. This has serious 

implications in terms of manufacturing new devices and improving the output of existing ones 

[1–22]. Added to this, the doping of impurities also tremendously affects the electronic and 

optical properties of low-dimensional nanostructures [2,3,5–8,23–41]. 

Exploration of transition energies merits importance owing to its immense significance 

in elucidating the optical properties of the system. During the intersubband transition, the 

electron gets stimulated by external radiation and is promoted from one energy level to another 
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within the conduction band or the valence band. The consequent optical absorption and the 

oscillator strength bear considerable significance in condensed matter physics. The operating 

wavelength of the intersubband devices possesses ample scope for wavelength regulation by 

proper design. Remarkable efforts have been made to accomplish the operating wavelength 

relevant to the telecommunication spectral ranges residing within 1.3 μm and 1.55 μm. Thus, 

the intersubband technology undergoes rigorous applications in the near-infrared regime and 

bears the possibility of further expansion to the mid-infrared terahertz range, giving rise to the 

fabrication of infrared detectors [42,43]. Consequently, the last few decades have witnessed 

sufficient research related to the intersubband transitions in low-dimensional nanostructures 

[1,4,6,23–26,42–54]. 

The current study strives to make a comprehensive inspection of the intersubband 

transition energy (ISTE) [47,48,54] and normalized intersubband transition energy (NISTE) 

[47,54] of GaAs QD under the influence of Gaussian white noise. NISTE appears more 

advantageous than ISTE since the former can illuminate some feeble features that may not be 

observed in the ISTE profiles [47,54]. The QD confinement comprises lateral parabolic 

potential, which restricts the electronic motion to the x – y surface in space, a perpendicular 

magnetic field, an applied static electric field in x and y directions, and noise. The noise 

contribution comes out to be different depending on its mode of ingression 

(additive/multiplicative). As a special case of substantial importance, at the end of the 

discussion, we have also envisioned the presence of anharmonicity (of odd and even parities) 

in the QD confinement potential. The study scrutinizes the ISTE and the NISTE profiles, 

pursuing the change of several physical parameters over a range, considering and ignoring 

noise. The characteristics of the ISTE and the NISTE profiles manifest the viability of 

harnessing the optical transitions of GaAs QD in a targeted manner by proper control over 

various physical quantities, parity, and strength of anharmonicity, as well as noise. 

2. Materials and Methods 

Under the effective mass approximation, the QD Hamiltonian, including the lateral 

parabolic confinement, lateral electric field, vertical magnetic field, and noise, becomes 

𝐻0 = 𝐻0
′ + 𝑉𝑖𝑚𝑝 + |𝑒|𝐹(𝑥 + 𝑦) + 𝜉(𝑥, 𝑦)                                  (1) 

𝐻0
′  contains the basic parabolic confinement 
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with 𝜔0, m and A represent the confinement frequency, the electronic effective mass, 

and the vector potential [given by A = (By,0,0) in Landau gauge where B is the magnetic field 

strength]. 𝐻0
′  then turns out to be 

𝐻0
′ = −
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𝜔𝑐 and Ω (= √𝜔0
2 + 𝜔𝑐

2) are the cyclotron frequency and the gross confinement 

frequency in the y-direction. Thus, the influence of the magnetic field strength is contained 

within 𝜔𝑐. 

The term |𝑒|𝐹(𝑥 + 𝑦) [cf. Eqn (1)] represents the contribution coming from the static 

electric field of magnitude F and operating along the x and y axes. 
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The function 𝜉(𝑥, 𝑦) [cf. (eqn(1)] possesses the features of zero-mean and spatial δ 

correlation and represents Gaussian white noise. 𝑔(𝑥, 𝑦) is another function connected with 

𝜉(𝑥, 𝑦), that mathematically describes the above features as given below: 

〈𝑔(𝑥, 𝑦)〉 = 0                                                                     (4) 

and 

〈𝑔(𝑥, 𝑦)𝑔(𝑥′, 𝑦′)〉  = 2𝜁𝛿[(𝑥, 𝑦) − (𝑥′, 𝑦′)]                        (5) 

respectively, with noise strength 𝜁. Box-Muller algorithm ensures that 𝑔(𝑥, 𝑦) follows 

a Gaussian distribution. The type of connection between 𝜉(𝑥, 𝑦) and 𝑔(𝑥, 𝑦) defines two 

different ways of introducing Gaussian white noise to the QD, viz. additive white noise and 

multiplicative white noise given by 

𝜉(𝑥, 𝑦) = 𝜆1𝑔(𝑥, 𝑦), for additive white noise (NSWH1)      (6) 

and 

𝜉(𝑥, 𝑦) = 𝜆2𝑔(𝑥, 𝑦)(𝑥 + 𝑦), for multiplicative white noise (NSWH2)     (7) 

𝜆1 and 𝜆2 are the two constants. 

The linear variational principle has now been invoked to approximate a solution to the 

time-independent Schrodinger equation. For this purpose, the ordinary product of the harmonic 

oscillator eigenfunctions has been chosen as the basis function 𝜓𝑘(𝑥, 𝑦). The normalized 

eigenvectors and the energy eigenvalues can thus be subsequently generated. 

The ISTE between the states |0⟩ and |𝑗⟩ is given by [47,48,54] 

𝐸𝑠𝑢𝑏,0𝑗
𝑡𝑟𝑎𝑛𝑠 = 𝐸𝑠𝑢𝑏,𝑗 − 𝐸𝑠𝑢𝑏,0                                                  (8) 

and the NISTE is given by [47,54] 

𝑁𝐸𝑠𝑢𝑏,0𝑗
𝑡𝑟𝑎𝑛𝑠 = 𝐸𝑠𝑢𝑏,0𝑗

𝑡𝑟𝑎𝑛𝑠 𝐸𝑠𝑢𝑏,0⁄ = (𝐸𝑠𝑢𝑏,𝑗 − 𝐸𝑠𝑢𝑏,0) 𝐸𝑠𝑢𝑏,0⁄                  (9) 

3. Results and Discussion 

In general, for the GaAs QD, we have chosen the following values for various physical 

quantities: m* = 0.067m0, where m0 is the vacuum electron mass, ℏ𝜔0 = 100.0 meV, F = 100 

kV/cm, B = 5.0 T, P = 50 kbar, T = 100 K, x = 0.5 and 𝜁 = 1.0×10-4, respectively. 

3.1. Effect of various physical parameters on ISTE and NISTE. 

Figure 1(a) and Figure 1(b) depict the plots of ISTE and NISTE, respectively, as a 

function of the electric field (F), including and excluding noise. Without noise and in the 

presence of NSWH1, it is observed that both ISTE and NISTE undergo steady enhancement 

with an increase in F. However, the enhancement appears more prominent and nonlinear for 

NISTE than ISTE. In the presence of NSWH2, however, the ISTE and NISTE plots depict 

maximization around F ~ 64 kV/cm and F ~ 31 kV/cm, respectively. It can be noted that the 

maximum appearing in the NISTE plot is much more prominent than that of the ISTE plot. 

Furthermore, over the whole range of the electric field, applied NSWH1 (NSWH2) lowers 

(raises) ISTE with respect to the state free of noise. On the other hand, for NISTE, the above 

magnitude sequence is found up to F ~ 56 kV/cm. Within the range F ~ 56 kV/cm to F ~ 62 

kV/cm, NISTE exhibits the highest magnitude in the absence of noise, followed by that in the 

presence of NSWH2 and the presence of NSWH1. Beyond F ~ 62 kV/cm, a further change in 

the magnitude sequence is found when NISTE continues to attain maximum value without 

noise, followed by that in the presence of NSWH1 and the presence of NSWH2. Thus, NISTE 

shows greater responsiveness and delicacy towards the change in the strength of the electric 

field than ISTE. 
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(a) (b) 

Figure 1. Plots of (a) ISTE; (b) NISTE against the electric field: (i) without noise, (ii) in the presence of 

NSWH1, and (iii) in the presence of NSWH2. 

Figure 2(a) and Figure 2(b) delineate the profiles of ISTE and NISTE, respectively, 

with the variation of magnetic field (B), with and without noise. Safwan et al. explored the 

effect of a magnetic field on ISTE in inverse parabolic QD [44]. Deyasi et al. have inspected 

the influence of magnetic fields on the ISTE of circular QDs [51]. ISTE and NISTE display a 

steady nonlinear decreasing trend with an increase in the magnetic field strength, with and 

without noise. Increasing the magnetic field strength introduces additional confinement, which 

enhances the energy eigenvalues. However, if the ground state energy is more enhanced than 

the excited state energy, the difference will be small. This is reflected by a drop in ISTE as the 

magnetic field increases. It can be further noted that the said decreasing trend is much more 

pronounced in the NISTE plots than in the ISTE plots. Thus, NISTE reveals a larger sensitivity 

towards the alteration in the magnetic field strength than ISTE. Moreover, applied NSWH1 

(NSWH2) diminishes (enhances) both ISTE and NISTE with respect to the noise-free 

condition. 

  
(a) (b) 

Figure 2. Plots of (a) ISTE; (b) NISTE as a function of magnetic field: (i) absence of noise, (ii) under 

NSWH1 and (iii) under NSWH2. 

Figure 3(a) and Figure 3(b) depict the ISTE and NISTE curves, respectively, following 

the change of confinement energy (ℎ𝜔0), in the presence and absence of noise. Safwan et al. 

explored the effect of confinement on ISTE in inverse parabolic QD [44]. Nasrallah et al. 

examined the confinement effect on ISTE for CdS/SiO2 QDs [43]. Mese has enquired about the 

influence of confinement potential on ISTE and NISTE for GaAs/Ga1-xAlxAs spherical QD 

[47]. Deyasi et al. have inspected the influence of confinement on ISTE of circular QDs [51]. 

Mese et al. also studied the confinement effect on ISTE for spherical QDs made up of different 

materials [54]. Regardless of the presence of noise, both ISTE and NISTE reveal monotonic 

enhancement with the increase in the confinement energy [43,44,47,51,54] due to a change in 
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the electronic probability density [47]. On all occasions, the enhancement appears to be 

nonlinear. However, the NISTE plots exhibit much more prominent nonlinearity only in the 

presence of NSWH2 with respect to other conditions. It can be observed that, in the absence of 

NSWH2, the various curves approach each other at low confinement. Similar to the previous 

observations, the presence of NSWH1 (NSWH2) reduces (augments) ISTE compared to the 

noise-free condition. However, the situation becomes a little bit more complex for NISTE. In 

this case, the sequence of magnitude of NISTE in the presence and absence of noise depends 

on the range of magnitude of the confinement energy. Now, up to a confinement energy of ~ 

166 meV, NISTE exhibits maximum value without noise, sequentially followed by those in the 

presence of NSWH1 and NSWH2. Inside the confinement range of ~166 to ~ 213 meV, NISTE 

continues registering the highest values without noise. However, sequentially followed by 

those in the presence of NSWH2 and NSWH1. Beyond the confinement strength of ~ 213 meV, 

the presence of NSWH1 (NSWH2) reduces (augments) NISTE compared to the noise-free 

condition. Thus, NISTE curves give more information than ISTE about the role of the 

confinement potential due to their greater sensitivity to the confinement strength [47]. 

  
(a) (b) 

Figure 3. (a) ISTE; (b) NISTE diagrams with the change of confinement energy: (i) devoid of noise, (ii) with 

NSWH1 and (iii) with NSWH2. 

Figure 4(a) and Figure 4(b) display the ISTE and NISTE curves, respectively, with a 

variation of the aluminum concentration (x) in the presence and absence of noise. For this 

purpose, we have envisaged AlxGa1-xAs alloy QD, whose effective mass is given by 𝑚∗ =

(0.067 + 0.083𝑥)𝑚0 [36]. Mese investigated the role of x on ISTE and NISTE for GaAs/Ga1-

xAlxAs spherical QD [47]. Without noise and in the presence of NSWH1, it is observed that 

both ISTE and NISTE undergo steady enhancement with an increase in x [47]. The 

enhancement occurs due to the enhancement of confinement associated with increased 

aluminum concentration. However, the enhancement appears more prominent and nonlinear 

for NISTE than ISTE. In the presence of NSWH2, however, although the ISTE shows a steady 

increase with x, NISTE plots depict noticeable maximization around x ~ 0.45. Furthermore, 

over the whole range of x, applied NSWH1 (NSWH2) lowers (raises) ISTE with respect to the 

state free of noise. On the other hand, for NISTE, the above magnitude sequence is found up 

to x ~ 0.6. Within the narrow range of x ~ 0.6 to x ~ 0.63, NISTE exhibits the highest magnitude 

in the absence of noise, followed by that in the presence of NSWH2 and the presence of 

NSWH1. Beyond x ~ 0.63, a further change in the magnitude sequence is found when NISTE 

continues to attain maximum value without noise, followed by that in the presence of NSWH1 

and the presence of NSWH2. Thus, NISTE shows greater sensitivity and subtlety towards the 

change in aluminum concentration than ISTE. 
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(a) (b) 

Figure 4. (a) ISTE; (b) NISTE diagrams against the variation of aluminum concentration: (i) devoid of noise, 

(ii) under applied NSWH1, and (iii) under applied NSWH2. 

The anisotropy parameter, η, stands as the reflector of the geometrical anisotropy of 

the system and reads [55–58] 𝜂 =
Ω

𝜔0
  [cf. eqn(3)]. Figure 5(a) and Figure 5(b) evince the ISTE 

and NISTE plots, respectively, pursuing the change of including and excluding noise. Only in 

the absence of noise do the ISTE and NISTE plots reveal a similar pattern as η increases. In 

this case, both ISTE and NISTE regularly fall in a nonlinear way with an increase in η. 

However, the extent of nonlinearity and the sharpness of fall are much more noticeable for 

NISTE than ISTE. The ISTE and NISTE profiles manifest distinctly different features in the 

presence of noise. NISTE reveals a steady decline with η even in the presence of noise (both 

NSWH1 and NSWH2). However, under NSWH1, the ISTE plots initially increase with η and 

culminate in saturation at large η, reflecting the independence of ISTE on the anisotropy. On 

the other hand, under NSWH2, the ISTE plot exhibits minimization in the vicinity of η ~ 4. 

Here, NSWH1 and NSWH2 were also applied to lower and raise the ISTE and NISTE, 

respectively, compared with the noise-free condition. 

  
(a) (b) 

Figure 5. (a) ISTE; (b) NISTE diagrams against the variation of anisotropy parameter: (i) noise-free 

atmosphere, (ii) presence of NSWH1, and (iii) presence of NSWH2. 

Figure 6(a) and Figure 6(b) unveil the ISTE and NISTE profiles, respectively, against 

hydrostatic pressure (P), with and without noise. In this case, one needs to consider the 

pressure-dependent effective mass given by m*(P)=m*(0)exp(0.078P) (P in kbar) [59]. In the 

absence of noise and under NSWH1, both ISTE and NISTE plots display a monotonic rise with 

increased pressure. Such behavior indicates the imposition of additional confinement with an 

increase in pressure. However, for NISTE, the said rise appears to be much more nonlinear and 

conspicuous than that of ISTE. In the presence of NSWH2, the ISTE and NISTE plots exhibit 

huge qualitative differences. Now, whereas the ISTE undergoes a modest nonlinear rise with 

the increase in pressure, the NISTE reveals a profound minimization in the proximity of P ~ 
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86 kbar. Furthermore, applied NSWH1 and NSWH2 shrink and enhance the ISTE, 

respectively, compared to the state where no noise effect can be realized. However, the 

situation becomes more complex for NISTE. In this case, the sequence of magnitude of NISTE 

in the presence and absence of noise depends on the range of magnitude of the hydrostatic 

pressure. Now, up to P ~ 55 kbar, NISTE exhibits maximum value under NSWH2, sequentially 

followed by those without noise and in the presence of NSWH1. Inside the pressure range of 

P ~ 55 kbar to P ~ 68 kbar, NISTE exhibits the largest value under noise-free conditions, 

sequentially followed by that under NSWH2 and NSWH1. Next, within the pressure regime of 

P ~ 68 kbar to P ~ 105 kbar, NISTE exhibits the highest value under noise-free conditions, 

sequentially followed by that under NSWH1 and NSWH2. Inside the pressure range of P ~ 105 

kbar to P ~ 121 kbar, NISTE reveals the same sequence of magnitude in the presence and 

absence of noise as previously observed inside the pressure range of P ~ 55 kbar to P ~ 68kbar. 

As pressure exceeds the value of 121 kbar, NISTE continues to register maximum values under 

applied NSWH2, sequentially followed by that without noise and under NSWH1. All these 

observations indicate considerable superiority of the NISTE curves over the corresponding 

ISTE curves in realizing the finer intricacies of the effect of hydrostatic pressure. 

  
(a) (b) 

Figure 6. (a) ISTE; (b) NISTE profiles plotted against the hydrostatic pressure: (i) without considering noise, 

(ii) considering NSWH1, and (iii) considering NSWH2. 

 

Figure 7(a) and Figure 7(b) describe the ISTE and NISTE curves, respectively, with 

progressive alteration of temperature (T) in the presence and absence of noise. In this case, one 

needs to consider the pressure and temperature-dependent effective mass for GaAs given in the 

work of Lu et al. [60]. Mese examined the effect of temperature on ISTE and NISTE of 

GaAs/Ga1-xAlxAs spherical QD [47]. Without noise and in the presence of NSWH1, it is 

observed that both ISTE and NISTE undergo steady enhancement with an increase in 

temperature. An increase in temperature generally reduces the confinement effect, leading to a 

drop in the energy eigenvalues [47]. However, if the drop in the ground state energy becomes 

greater than the drop in the excited state energy, the ISTE will increase overall. The above 

enhancement appears more prominent and nonlinear for NISTE than ISTE. In the presence of 

NSWH2, however, although the ISTE shows a steady increase with temperature, NISTE plots 

depict noticeable maximization around T ~ 105 K. Furthermore, over the whole temperature 

range, applied NSWH1 (NSWH2) lowers (raises) ISTE with respect to the state free of noise. 

On the other hand, for NISTE, the above sequence of magnitude is found up to T ~ 160 

K. Within the range T ~ 160 K to T ~ 183 K, NISTE exhibits the highest magnitude in the 

absence of noise, followed by that in the presence of NSWH2 and the presence of NSWH1. 

Beyond T ~ 183 K, a further change in the magnitude sequence is found when NISTE continues 

to attain the highest value without noise, followed by that in the presence of NSWH1 and in 
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the presence of NSWH2. Thus, NISTE provides much finer information about the influence of 

temperature than ISTE. 

  
(a) (b) 

Figure 7. (a) ISTE; (b) NISTE curves depicted against temperature: (i) noise-free condition, (ii) under 

applied NSWH1, and (iii) under applied NSWH2. 

We now enquire about the impact of noise strength on ISTE and NISTE. Figure 8(a) 

and Figure 8(b) uncover the ISTE and NISTE diagrams, respectively, when noise strength (𝜁) 

varies over a range, both for NSWH1 and NSWH2. In the presence of NSWH1 (NSWH2), 

both ISTE and NISTE have been found to decrease (increase) steadily with an increase in the 

noise strength in a nonlinear way. The rate of increase/decrease has been found to be much 

more prominent for NISTE than ISTE. Additionally, the interval between the lines 

corresponding to NSWH1 and NSWH2 comes out to be much more broad for NISTE than for 

ISTE. Moreover, under all conditions, the interval between the two lines continually reduces 

with a fall in noise strength, and the ISTE and NISTE approach their respective noise-free 

values in the limit of vanishingly small noise strength. Again, the approach towards the noise-

free value has been much sharper for NISTE than ISTE. These observations clearly announce 

the greater utility of NISTE plots in analyzing the role of noise strength than the ISTE plots. In 

addition, over the entire range of the noise strength, the introduction of NSWH1 (NSWH2) 

diminishes (enhances) both ISTE and NISTE compared to the noise-free ambiance. 

  
(a) (b) 

Figure 8. (a) ISTE; (b) NISTE plotted against the negative logarithm of noise strength: (i) for applied 

NSWH1 and (ii) for applied NSWH2. 

Finally, we study the ISTE and NISTE profiles in the presence of anharmonicities in 

the confinement potential. For this purpose, we introduce another term, Vanh, in the QD 

Hamiltonian [cf. eqn(1)]. We have considered anharmonic contributions of odd and even 

parties, based on which Vanh can be written as  

𝑉𝑎𝑛ℎ = 𝑘(𝑥3 + 𝑦3), the odd anharmonic potential      (10) 

and  
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𝑉𝑎𝑛ℎ = 𝑘(𝑥4 + 𝑦4),        the even anharmonic potential            (11) 

k being the anharmonicity constant. 

Figure 9(a) and Figure 9(b) discern the ISTE and NISTE profiles, respectively, as a 

function of the negative logarithm of anharmonicity constant, considering and ignoring the 

noise and in the presence of both types of anharmonicities. In the presence of odd 

anharmonicity, the ISTE curves exhibit moderate decline (increase) in a nonlinear manner with 

an increase in the anharmonicity constant without noise and under NSWH2 (NSWH1). The 

NISTE plots, on the other hand, depict steady nonlinear growth (fall) in the presence (absence) 

of noise with an increase in the anharmonicity constant. The prominence of growth/fall and the 

nonlinearity of the NISTE plots are much greater than those of the corresponding ISTE plots. 

It can be further noted that, over the entire range of k, applied NSWH1 (NSWH2) lowers 

(raises) the ISTE with respect to the condition free of noise. The scenario becomes a little bit 

more delicate for NISTE. Now, NISTE exhibits the largest magnitude over the whole range of 

k in the presence of NSWH2. The relative magnitude of NISTE in the absence of noise and the 

presence of NSWH1 undergoes a changeover in the vicinity of k ~ 10-4. Whereas in the regime 

k < 10-4, NISTE shows higher values in the absence of noise than in the presence of NSWH1, 

the situation reverses as soon as k exceeds the value of ~ 10-4. 

  
(a) (b) 

Figure 9. (a) ISTE; (b) NISTE plotted against negative of logarithm of anharmonicity constant: (i) absence 

of noise and odd anharmonicity, (ii) without noise and even anharmonicity, (iii) NSWH1 and odd 

anharmonicity, (iv) NSWH1 and even anharmonicity, (v) NSWH2 and odd anharmonicity and (vi) NSWH2 

and even anharmonicity.  

In the presence of even anharmonicity, regardless of the presence of noise, both ISTE 

and NISTE reveal modest growth with an increase in the anharmonicity constant. The growth 

takes place in a nonlinear way, with a much greater extent of nonlinearity for NISTE than for 

ISTE. Moreover, both ISTE and NISTE applied NSWH1 (NSWH2) to enhance (deplete) their 

magnitudes compared with the condition without any noise effect. It, therefore, comes out that, 

both in the presence of odd and even anharmonicities, the NISTE plots appear to be much 

superior to the ISTE plots in unveiling the influence of anharmonicity. 

3.2. General remarks. 

The behavior of ISTE and NISTE with the variation of different physical quantities is 

extremely case-sensitive. It delicately depends on the interplay between the particular physical 

parameter considered and the application of noise (including its way of application, i.e., 

NSWH1 or NSWH2). The introduction of noise modifies the QD confinement potential, 

thereby affecting the ISTE and NISTE. The mode of entry of noise also plays a vital role since 

NSWH1 and NSWH2 couple with QD in different ways and modify the QD confinement 
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diversely. This happens because NSWH1 adds to the QD Hamiltonian, while NSWH2 couples 

with the QD coordinates. Thus, most often, NSWH2 modifies the QD confinement much more 

than NSWH1, bringing about greater deviation of ISTE and NISTE profiles from that under 

the noise-free condition. 

It has been found that, on most occasions, NISTE can highlight the effects of various 

physical parameters much more prominently and delicately than ISTE. These effects are 

revealed through the rate of enhancement/decline, the extent of nonlinearity, the prominence 

of maximization/minimization, and relative magnitudes without noise and in the presence of 

NSWH1/NSWH2. It has also been observed that, depending on the presence/absence of noise 

and the mode of entrance of noise, ISTE and NISTE can exhibit steady growth, steady fall, and 

maximization/minimization (in the vicinity of certain values of the physical quantities). The 

appearance of the above features depends on how the energy separation between the ground 

state and the excited state varies with respect to the variation of various physical parameters. 

A steady increase in the magnitude of physical quantities (depending on their nature) can either 

increase or decrease the system's confinement. An increase (decrease) in the confinement raises 

(lowers) the energies of the eigenstates. However, depending on the relative change in the 

magnitudes of the ground state and the excited state energies, their separation may either 

enhance steadily or diminish steadily or can maximize or minimize (in the neighborhood of 

certain values of the physical parameters), thus, justifying the features of the ISTE plots.  

4. Conclusions 

The ISTE and NISTE of GaAs QD have been meticulously investigated under the 

influence of Gaussian white noise. Two different modes of inclusion of noise viz. NSWH1 and 

NSWH2 have been envisaged. The study reveals that, depending on the presence/absence of 

noise and its mode, ISTE and NISTE (when monitored against the change of different physical 

parameters) exhibit steady growth, steady fall, maximization, and minimization. The findings 

can be summarized as follows: Both ISTE and NISTE steadily increase under all conditions 

with an increase in the confinement strength; Both ISTE and NISTE steadily decrease under 

all conditions with an increase in the magnetic field strength;  Only in the absence of noise and 

in the presence of additive noise do ISTE and NISTE steadily grow with the increase in electric 

field strength, aluminum concentration, pressure, and temperature; In the presence of 

multiplicative noise, ISTE steadily enhances with an increase in aluminum concentration, 

pressure, and temperature. However, when an electric field is varied, ISTE undergoes 

maximization around F ~ 64 kV/cm. Under identical conditions, NISTE displays maximization 

around F ~ 31 kV/cm (during the variation of the electric field), x ~ 0.45 (during the variation 

of aluminum concentration), T ~ 160 K (during the temperature variation), and minimization 

around P ~ 86 kbar (during the variation of hydrostatic pressure); With the increase in the 

anisotropy of the system, the ISTE decreases in the absence of noise, increases in the presence 

of additive noise, and minimizes around η ~ 4 in the presence of multiplicative noise. However, 

NISTE monotonically diminishes with an increase in anisotropy under all conditions; Presence 

of additive (multiplicative) noise depletes (augments) ISTE with respect to the noise-free 

environment during the variation of the electric field, magnetic field, confinement potential, 

aluminum concentration, anisotropy, hydrostatic pressure, and temperature. NISTE exhibits a 

similar sequence during the variation of magnetic field and anisotropy. However, the sequence 

of the magnitude of NISTE in the presence and absence of noise, taking into account the noise 

mode, reveals complex dependence on the range of magnitude of the given physical parameter 
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concerned during the change of electric field strength, confinement strength, aluminum 

concentration, hydrostatic pressure, and temperature;  With the increase in the noise strength, 

both ISTE and NISTE delineate regular fall (growth) under applied NSWH1 (NSWH2); In the 

presence of anharmonicity in the QD confinement potential, the ISTE and NISTE profiles are 

also governed by the strength and the parity/symmetry of the anharmonic potential.  

Throughout the entire study, the NISTE plots have proven superior to the ISTE plots in 

realizing the influences of various physical parameters. The NISTE plots unveil a greater rate 

of enhancement/decline, more nonlinearity, sharper maximization/minimization, and more 

subtlety in their relative magnitude with and without noise.  

These findings are expected to be considerably relevant in understanding the optical 

properties of low-dimensional nanostructures under the presence of noise and anharmonicity 

in the confinement potential. 
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