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by a HarinOnic Potential in a 4ヽagnetic Field
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1. introduction

Two― dimensional(2D)coninement of carriers in quan‐

t u m  w i r e s ( Q W R s ) i s  a n  i m p O r t a n t  p h e n o m c n o n  i n  p h y s i c s ,

and is cxpected to bring a signincant improvcmじnt to lascrs

and othcr functional devicesl)'2).Rcccntly,several typcs of

quantuln、vircs of high quality have bccn realized by mctal

organic chcmical vapor deposition(MOCVD)3)～
6).Thc

OWRs of our group cxhibited clear bluc shift of photo‐

luminescence(PL)peak With the reduction of the lateral

width ofthe OWRs6).In addition,an anisotropic cffect of

magncto‐ PL7)con■ rms the QWR cffcct.The experimcntal

data of thc magneto― PL can be analyzed by numerical

calculations. However, the analytical solution is obtained

only for isotropic harmonic potentials8),9).

In this paper, we describc thc analytical solution of

energy levels of a one―dimentional(lD)electrOn gas

conincd by an anisotropic 2D harmonic potcntial in the

prcscncc of a magnetic neld.

2. Analyticai Solution of the System

Thc Hanliltonian of a single particle in a harmonic

potcntial and a magnetic flcld is

o--(P+qA)2 1 I
2m* 

+7m*afoz+ 
,^*a|ry2, (1)

where a;,(a;r) is the oscillator frequency of the harmonic

potential along the .r (y) direction, m* is the effective mass

and 4 is the electric charge.
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Here wc discuss propcrtics of a carrier along thc o,y)―

planc、vith a magnctic neld B along thc z axis using a gauge

with the vector potential

A: B(-w2y, v2x, 0),

where

υ=Vaソ (%+%),

″=V9/(%十 %),

In case of Q=O and`%≠ 0(ξ,η=χ,y),thC analytical

solution of the Schrёdingcr cquation is knownl°). In this

case, the wavcfunction is given bv

Φ=LL(Oexp(―ζ/2+″ζタカ),       (5)

where夏″(のare the Hёrlnite polynomials

比(の=2(1)″(2r l)!!(参)2′′
42t  (6)

and

(%=0)    (7)

(rDy=0),
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ωc is thc cyclotron frequcncy, and′ξis thc momentum of

plane wavc along the ζ axiS.Thc waveftlnction has thc

clgenenergy___ _ _

I o? a*
En,pE (n+ ,)hr'to+ffi;i, 

(10)

where n:0,1 ,2, . . is the order of the Hermite polyno-

mials.

When a4or*0, we substitute variables as follows-

=島ノ←手+瑶)+島′(2`′ヶ+2yt`〉)

つ〃島に着
―yf)
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(17)

Furthermore, the wavefunction can be expanded by base

functions

夏“(豹れ _“(り
“ι″

= V―
' (18)

X =ッ χ /ヽ物*ω
O /ぇ,

y=ッ リV“ *ω
O/え.

Thcn, thc Hanliltonian is dcscribed as

EO=え ω。/2,

Ec=え ωc/2.

力=島檻←i百摯」ォ
打21)

where

(た=1,2,.…;“=0,1,2,……,た).Then Hamiltonian■1

arc given by matrices(〈夕た,ノ|■11“た,ノ′〉)With dimcnsion

(た+1)×(た+1)as f0110WS

島 =EOみ―
(ッ
2_″2)E〆々 _ツ″島Bた,  (19)

―た+2

0、 ｀` ｀
lV2 Vた -1

(11)

(12)

(14)

(15)

た-2Moreovcr, wc assume an eigenfunction of the form

y=Φ  cxp(一X2/2-Y2/2),     (16)

Thc Schrёdingcr cquation′Ψ(χ,ッ)=Eワ (χ,y)iS trans_

formed into FlΦ=(E―εO)Φ,Where
―

た

¢
　
　
一

０
百

J～偏

0      -Jヽ /7-lV″'

ブヽ/た-lVπ       0

Jvπ vηBた=

｀
Jvπ /ヽた-1 ｀ ｀｀｀0     -′ 昼ヽ

′V7     o

(22)~

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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The eigenergies Ep,^ ot

found by diagonalizing

the Schrcidinger equation can be

the matrices:

Er,*: (l + k)Eo + (k - 2m)E1, (23)

where EO=(あ2)Vω′+(c+研 ,El=(力/2)/ヽω′+(Q―%)2.
The eigenergies can be written by quantunl numbers

′=0,± 1,±2,...,れ =0,1,2,...,aS

E″,′
=(2れ +1+|ノ |)EO+JEl (24)

In the isotropic case of ax:ay, the eigenvalue is equal to

the value given by Fock etc.8)'e)

Figure 1 shows the configuration of energy levels, where

AE-:Eo-Et, AE*:Boa p:, and AEo:2Es. Dependence

of these energies Eo, Et, AE-, and AE* on @r, @y, and ar. is

shown in figtre 2, where contours of normalized Es, E1,

AE-, and AE* arc described. s, B, y, and 6 denotes

Eol(ho,l2), E1l(hto,l2), AE,l(hro,lL), and AEnl(hto"lZ),

respectively.

The first excited level is

E″=0.′=_1=EO+ム E― (25)

If a** a, and a* are fixed, the first excited energy is smaller

for the structure with more anisotropic conf,nement (i.e.

either o, or ro, is small). At the limit of high anisotropy,

AE- (y) approaches zero.In addition, as the magnetic field

B is increased compared to 2D confinement potential

(a,*a4,.0y), the energy levels are closer to Landau levels.

Fig.2 Contours of (a) energy components of F,q. (24) Es (solid

line), E1 (dashed line), and (b) energy separations /E-

(solid line), /E* (dashed line), which depend on the

oscillator frequency of the harmonic potentials (a-r',o.rr)

and the cyclotron frequency (a"). a,F,y, and 6 denotes
normalized energy component and separation: EJ(ha"l

2), E1l(ho"lz), AE-l(h(DJz), and AE+l(huJ2), respec-

tively.

3. Summary

In summary, we have analytically solved for the energy

levels of a 1D carrier gas in an anisotropic 2D harmonic

potential and a magnetic field. Moreover, we have discussed

anisotropic effects of harmonic potentials. As the anisot-

ropy increases, the excitation energy to the first excited level

is closer to zero.
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