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Fig. 1. Mean number of phonons N as a function of
the range Rp of the parabolic confinement potential
well (PCPW) at different dielectric constant ratio 7.
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Fig. 2. Mean number of phonons N as a function of
the well width L at different well depth Vj of the asym-

metric Gaussian functional confinement potential well

(AGFCPW).

B3 RoR THSES (BRE) R Ey(Ey) 1
AR B B EE ) T B Pl 46 7Y R e 5 Bk B R
A5tk B 3 ATLAE H, Eo M1 By BE Ro I/
BRI SERA— R By < 0, By < 0, {E2304)
LR EHABE Ve > 0 H Ve o 1/Rg; 1E47E Ry T,
Eo K1 By B n B34 IO /N, 3 2 PR TE & Ak 4%
R AR B GK SR T, PR RO (Ve < 0) )
AR P02 B ook, AR T T
MIPRE 3 Vo oc —(1 — )~ L, B0l b7 i R &
TR

B4 #id T Re R Eo(By) fEARRBHA Vy B
BE5E LA k. BB 4T LR W, |Eo| > |E4|, |Eol
HV| B | B LA 3G I 38 K, 38 K0 R R B L i) 3
nmass; [, fE45 € LN, |Eo| f1|Ey | BE Vo 1Y
K. X T T R B BR A R A
Va(z) <0, 1 H |V (2)| B8 L B8 Vo 340 14 X pr .

Bl5 iR T EBRE MR Q A F i Ly
T B A A 2 L BR e VG Ry AR K. I 5 AT R
B QU Ry Mda /NI js /. X & K A b 5 4
2R YIRS B BV T ARk, TR 2 — y P I Y
52 PRI, B TR F AR e M T R T 1
HMEREHE K. 2 Ry B/ (Ro < 2.2r,) B, QB Ry 1
P /N T 9870 PRV FBE 40K 24 Ro 38K (Ro > 2.27p)
i, Q BE Ro 1980/ T o6k /N R BE AR /N, TE45 € Ry
T, QB n 3B AT/, XA KA Ok, Stk 4k

Vo = 5.0hwro
L=5.0r,
a=17.0

E/(hwio)

Ro/(7p)

3 EE (B —BKE) fiit Eo(Bq) EARRBHE
n FHEIEH Ro M4k
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Ey(E1) as a function of the range Ro of the PCPW at

different dielectric constant ratio 7.
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Abstract

Considering hydrogen-like impurity and the thickness effect, the eigenvalues and eigenfunctions of the electron
ground state and first exited state in a quantum dot (QD) are derived by using the Lee-Low-Pines-Pekar variational
method with a parabolic confinement potential well (PCPW) and an asymmetric Gaussian functional confinement
potential well (AGFCPW) serving as the transverse and longitudinal confinement potential, respectively. Based on the
above two states, a two-level system is constructed. Then, the electron quantum transition affected by a magnetic field
is discussed in terms of the two-level system theory. The numerical calculations indicate that the electron transition
probability ) deceases with the range Ry of the PCPW decreasing. With Ro decreasing, the amplitude of the transition
probability @ decreases greatly when Ro is small (Ry < 2.57p), but the decrease becomes small when Ry is large
(Ro > 2.51p). The transition probability @ decreases with the dielectric constant ratio n increasing. For different values
of the well width L of the AGFCPW, the change forms of the transition probability @ with the well width L are different:
the transition probability @ decreases monotonically with the decreasing of the well width L when L is large (L > 1.3rp),
which is similar to the trend of the transition probability () changing with the range Ry of the PCPW, but the oscillation
of the transition probability @ is small with the decreasing of the well width L when L is small (L < 1.3rp). Whereas,
both changes are consistent basically when the range of the confinement potential (the value of Ry or L) is large since
the AGFCPW can be approximated by the PCPW when z/L < 1. For the electronic state and its change in the QD
with a confinement potential, in any case, the results are rough without regard to the influence arising from the thickness
of the QD. This shows that the AGFCPW is more accurate than the PCPW in reflecting the real confinement potential.
This conclusion is in accordance with the experimental results. In addition, the transition probability ) decreases with
increasing Vy. The amplitude of the transition probability @) decreasing with increasing the dielectric constant ratio n
is enlarged with reducing the coupling strength «. This indicates that the phonon (the polarization of the medium)
effect cannot be ignored when investigating the change of the electronic state in the QD. The transition probability @
periodically oscillates and goes up with increasing the cyclotron frequency w.. The external magnetic field is a kind
of inducement causing the quantum transition of electronic state. The transition probability @ periodically oscillates
and goes up with increasing the cyclotron frequency wc, and is affected dramatically by the coupling strength a: with
increasing the coupling strength «, the oscillation period of @ increases, but the oscillation amplitude decreases. In
a word, the transition probability of the electron is influenced significantly by some physical quantities, such as the
coupling strength «, the dielectric constant ratio 7, the resonant frequency of the magnetic field wc, the well depth Vp,
and the well width L of AGFCPW.

Keywords: quantum dot, hydrogen-like impurity, asymmetric Gaussian functional confinement potential

well, quantum transition
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