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Magneto-optical studies of excitons in Zp_,Cd,Se/ZnSe quantum wells
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Magnetoabsorption on high-quality Z8d; ,Se/ZnSe multiple quantum wells grown by molecular-beam
epitaxy is used to study systematically the major excitonic properties. The small inhomogeneous width of the
exciton lines allows us to observe Landau levels arising from higher heavy-hole exciton transitions as well as
to analyze in detail the spin splitting and diamagnetic shift of the ground state. ThedBg®oequation of
magnetoexcitons is solved numerically to describe their magnetic-field behavior and to deduce the relevant
excitonic and band parameters in dependence on the Cd content in the well. Anticrossing features at higher
Landau levels and the magnetic-field dependence of the light-hole exciton ground-state energy signify a
complex valence-band structure due to heavy-light hole coudlB@163-182@6)04031-3

I. INTRODUCTION due to the combined action of quantum confinement and
compressive in-plane strain justifies one to carry out both
Since the successfpktype doping, wide-gap II-VI semi- calculations in a two-band model. The effects of hh-lh cou-
conductor related quantum structures have been promisingfing are qualitatively discussed. The excitonic parameters
candidates for commercial laser diodes and related optoelegeduced reveal an increase of the exciton binding energy due
tronic devices operating in the blue spectral rahgéie ab- 0 quantum confinement and, surprisingly, also of the re-
sorption edge of bulk Il-VI's is dominated by excitons. In duced in-plane exciton mass with growing Cd content. This
quasi-two-dimensional structures, the Coulomb interaction i§2P€r is organized as follows: in Sec. Il the numerlcasl solu-
further enhanced so that excitons may play an important paHon and variational treatment, respectively, of the Sehro
in the lasing process, even at room temperatue. to now inger equation for the exciton are outlined. I_n Sec. Il we
a number of studies for Z€d; _,Se/ZnSe multiple quantum describe the samples, the experimental details, and thg re-
, _ .. sults of magnetoabsorption measurements. The analysis of
wells (MQW'’s) have been reportédf where the excitonic ) ; :
. : experimental data is performed in Sec. IV and our conclu-
properties are deduced from a fit of the heavy-hbl® and ; :
X . . ) sions are drawn in Sec. V.
light-hole (lh) exciton ground-state energies. Such fits are
basgd_ on a detailed knowledge of the composmon— and Il. MAGNETOEXCITONS
strain-induced band offsets as well as the carrier mass depen- _ _ _ _
dent confinement energies of electrons and holes. As known In relation with experimental studies on GaAs-related
from GaAs-related MQW’s, magneto-optics is a more pow-QW’s, th0813 Jheory of ~magnetoexcitons is  well
erful tool for studying both exciton binding energies anddeveloped”'>** Here, we summarize the general aspects
band parameters in the two-dimensional c@se, e.g., Refs. and the specific approach used for the analysis of our experi-
9 and 10. First magneto-optical studies of excitons in ZnSe-mental data. A single quantum well of width, is consid-
related MQW's(Ref. 11) were restricted to thesland 2 hh ~ ered. The z axis is along the growth direction and
exciton states from which lower and upper limits of the bind-fe,n=(pe,n.Ze,n) are the electron and hole coordinates, re-
ing energy were derived. In a previous communicatfome ~ spectively. Because of the large hh-lh splitting enhanced by
have demonstrated the formation of magneto-oscillations itﬁh_e compressive in-plane strain, we restrict our COﬂSIer-
the hh subband absorption of similar MQW’s, which enabledations 50f the hh magnetoexciton first to simple parabolic
us to observe simultaneously the diamagnetic shift of the hipands:® With the magnetic field perpendicular to the QW
exciton ground state and the conversionsaike excited plane(Faraday configurationthe vector potentialg\ , can
exciton states into Landau levels. be chosen in such a way that they contain only in-plane
Here, we present a systematic study of magnetoexcitongoordinates. We use in the following the symmetrical gauge
in Zn;_,Cd,Se/ZnSe MQW's with well widths close to the Aen=(BXpe,n)/2. Then the motion of carriers can be ex-
bulk exciton Bohr radius and Cd contents ranging from 7%pressed separately for the in-plarjg @ndz direction (L)
to 20%. Detailed information about the energetic structureand the Hamiltonian of the system reads
and relevant band parameters is obtained by comparing the (i = iA)?
experimental data with the results of a numerical solution o= Eg+i:e n Zm—(z)
the Schrdinger equation for the in-plane motion of the ' LIRS

magnetoexcitont® Complementary, we perform a varia- K2 9 1 9 . e?
tional treatment of the exciton ground state at zero magnetic =+ 2 o o o TV @) |
. . . . 2. i=eh 2 9z m; () 9z 8O|re rh|
field using a two-parameter trial function. The large splitting ’

between the hh and Ih exciton in Z8d,_,Se/ZnSe QW'’s @
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with g.=—|€|, g,=|e|, and the in-plane momentum opera- [ ,
tor pe | Of the electron and hole, respectively. Thelepen- ¥(p.Ze,2Zn) = €XQ — NP+ ¥ (Ze= )" | Pe(Ze) on(Zn).-
dence of the confinement potentiaV; (z)=V,0(|z] (5)

—d,/2) is expressed by the Heaviside step functigg.is

the band gap of the well material aM{ , is the band offset The parametea is the Bohr radius ang accounts for the
for the electron and the heavy hole, respectively(ln the  dimensionality of the exciton. Both parameters are fixed by
anisotropy of the hole mass and the discontinuity of bothminimizing the expectation value ¢f) treating mass anisot-
carrier masses are explicitly taken into account. Imaggopy and discontinuity in the same way as for the direct
chargeé6 due to different static dielectric constartgin the  numerical solution of4). The diamagnetic shift of the hh
well and barrier as well as polaron effeftare beyond the exciton ground state can be calculated within the first-order
scope of this paper because the required material parametgsgrturbation theory 15y

are not precisely enough known for zinc-blende

Zn,Cd;_,Se mixed crystals. The in-plane hh mass as well as e2B2

the hh and Ih masses along tkzeaxis follow from the AEdia=8—(p2>, (6)
Luttinger parameters by My =mo/(y1+¥2), My, M

=mo/(y1—27y2), andmy, , =mg/(y,+27,), respectively.

To solve(1) numerically, we use the separation ansatz where the expectation value of the squared in-plane radius

{p?) has to be computed from the wave functi@.

The internal motion of the exciton at zero field is usually
Y(Pe.PniZe . Zn) = P(Pe.Pr) ©e(Ze) n(2Zh), 2 gescribed by the main quantum numbes1,2, ... and
[|=0,1,...,n—1 specifying the angular momentum in the

_ I
where subband coupling is neglected. The wave funcUon% direction. As seen fron3), both remain good quantum

¢en(Zen) are the solutions of the one-particle equa- n imbers in a magnetic field. When the Coulomb terni3n
tions along thez axis using the continuity of¢ and ... . X .

. ._isignored, simply the Landau energies
(1/m)(d¢l/dz) at the well boundaries. The corresponding g il g

confinement energy of the electron and heavy hole are de- . . N
noted byEy.e and Eqcpr, respectively. Since we are inter-  E=Eg+(Net2)hwet (Mt 2)hwp, Nep=012,...

ested in direct optical transitions, we omit the center-of-mass @)
momentum.  Introducing the relative  coordinate i )
(p=peo—pr) and the conjugate momentum we get by a are obtainedw,,=eB/m,, is the cyclotron frequency of

canonical transformatidf the electron and hole, respectively. Although andph are
not good quantum numbers due to the Coulomb interaction,
oB a magnetic field can be defined for each exciton state above
X p)2+ Z_B(px p)+V(p) which a Landau-like behavior dominates its magnetic field
M| dependencé! In this field range, we refer to them as Landau
(3 levels throughout this work, keeping in mind that they are
still modified by Coulomb interaction. In the strict two-
dimensional case, that modification is given by/B term?!

2 eZ

p
H'=Ej+5—+ 45—
9 2u 8y

with the effective potential

2
V(p)=f f dZethgog(Ze)goﬁ(Zh)ﬁ. (4) ll. EXPERIMENT
e

The three samples used in the present study are grown on
E; =Eg+Eqcet Eqchn is the energy gap between the lowest GaAg001) substrates by molecular-beam epitdMBE) us-
subbands. Similar t¢4), the inverse reduced in-plane massing a 0.7um ZnSe buffer layer. A phase-locked epitaxy
Yuy=1mg+1limp,  and the ratio B=(Myy—mg)/ modé? is used to improve lattice plane completion during
(mpy+me) are integrals over the subband wave functionsgrowth. The MQW's consist of five wells of width between
too. The fourth term on the right-hand side @) contains 4.5 and 5.0 nm. The barrier width is 85 nm to guarantee
the angular momentum operator= pX p of the internal ex- isolated wells. The ratio between barrier and well widths
citon motion and is, therefore, purely additive. It describessuggests that the wells adopt the ZnSe in-plane lattice con-
the Zeeman effect and vanishes $slike exciton states seen stant and are thus pseudomorphically strained. The Cd con-
in one-photon transitions. Separating the angular motion, wient of the well k. is determined by x-ray and microprobe
arrive at a one-dimensional Schiinger equation, which is analysis of thick alloy layers grown with the same molecular

solved by the finite difference methdd.Further, we will beam fluxes. After removing the substrate by a selective wet
refer to this treatment by NSIMnumerical solution of in- etching technique, the samples are mounted on a glass sub-
plane motion. strate. Distinct exciton features are observed in the transmis-

The separatiori2) neglects any electron-hole correlation sion spectra up to room temperature with an alloy related full
along thez axis. Whereas such a treatment is justified forwidth at half maximum of a few meV at 1.8 K. The
excited exciton states with Bohr radii clearly larger than themagneto-optical properties are investigated by conventional
well width, it might fail for the ground state. We have thus transmission experiments using an OXFORD split-coil mag-
performed a complementary variational treatmentlgffor ~ net making available fields up ®=12 T. The spectral reso-
zero magnetic field using a separation ansatz with a twoklution used in the experiments is better than 0.1 meV. The
parameter exciton envelope function use of circularly polarized light in Faraday configuration en-
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FIG. 1. Transmission spectra of a &d,;_,Se/ZnSe MQW
without and with magnetic field applied parali@oigt geometry
and perpendiculatFaraday geometjyto the quantum well plane
(x,y), respectivelyd,,=5 nm. Lower part: Magnetic-field-induced

changes of the optical density in Faraday

configuration.

this shift in the same direction. Distinct magneto-oscillations
due to the formation of Landau levels are found in the region
of the hh subband absorption. The field-induced change of
the optical densityA «d plotted in the lower part of Fig. 1
shows well-resolved features up to the Landau level arising
from the 6 exciton state. Except for thessand & levels at

9 and 5 T, respectively, a growing damping of the features
with increasing photon energy is found. Above 2.76 eV no
further levels could be detected. For comparison, the trans-
mission spectrum for a field =9 T applied parallel to the
QW (Voigt configuration is also drawn in Fig. 1. As ex-
pected for the quasi-two-dimensional case, the high-energy
shift of X, 15 is markedly smaller and no magneto-
oscillations are observable.

The small inhomogeneous broadening of the exciton lines
allows the observation of Landau levels in Faraday configu-
ration already at fields oB~2 T. In Figs. Za)—2(c), the
energy of the hh ground-state exciton and the magnetic-field-
induced absorption features are drawn as a functids fufr
each sample. The data for" ando~ polarization are given
by pluses and open circles, respectively. The solid lines rep-
resent fits of the data with the magnetoexciton calculation
discussed in more detail in the next section. The magnetic
field behavior of the exciton states is quite different. The
ground state exhibits both a diamagnetic shift and a clearly
resolved spin splittingsee also Fig. 8 Commonly for all

ables us to uncover even the very small spin splitting of thes@mples, the, ground state can be well described by a sum

various exciton states.

of a zero-field energy, a diamagnetic shift, and a Zeeman

Representative for the samples investigated, the uppePlitting:

curve in Fig. 1 displays the transmission spectrum of the

MQW sample with nominakc4=0.13 in the spectral range
from the Is hh exciton &y, 15) to the continuum states of
the |h exciton. The structures of thes hh exciton Kp, 2)

and the lh exciton ground stat, ;) are clearly resolved

too. Applying a magnetic field oB=9

T perpendicular to

the QW plane(Faraday configurationa small high-energy

shift of Xy, 15 (0.55 meV is found. For

theo* polarization

E=Epyt 6B** gefiuuaB, 8

with the “+ sign referring to ot polarization. ug is the
Bohr magneton. The same Zeeman splitting is found for the
excited exciton states with the only exception being tlke 2
state on thexcg=0.13 MQW [Fig. 2(b)]. The reason for its
somewhat larger splitting is currently not clear. The higher
the excited magnetoexciton state, the closer it follows a lin-

drawn in the lowest transmission curve, both the Zeeman anéar field dependence. Since the Coulomb correlation is small
diamagnetic effect of the exciton ground state contribute tdor these states, they start to behave similarly to uncorrelated
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FIG. 2. Energy of exciton absorption peaks vs magnetic field for three different structures. Solid lines: Fit of the data by the calculated
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B[

magnetoexciton energies,= 8.8 (Ref. 23, Vo+ V= (1.35cq— 0.3x%y) eV, V./V,=0.7/0.3(Ref. 8. Dashed lines are used to guide eye.
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FIG. 4. Calculated magnetoexciton energies measured relatively
FIG. 3. Magnetic-field behavior of the hh and Ih exciton ground tg E;. dw=5 nm. Solid lines:V,=110 meV; V,=47 meV;

state of the MQW withx-4=0.076 andd,,= 4.5 nm. Solid lines: fit w=0.099m,. Dashed-dotted linesV,=165 meV;V,=71 meV;
of the hh exciton ground state by formui@). w=0.099m,. Dashed lines: V,=110 meV; V,=47 meV;

= 0.109m,.
electron-hole pairs at relatively low fields. For the sample
with Xcq=0.13 in Fig. 2Zb), this behavior can be seen until determined by Brillouin scattering of excitonic polaritéhs
the excited hh states are mergedmynto the subband con- and magneto-optical studies op-like excited exciton
tinuum of the Ih exciton above 2.74 eV. Beyond this ﬁe'd,statesz,s respective|y. For the Z)[Cd17XSe a||oy, a linear
clear indications of an anticrossing behavior are found. Simiinterpolation between the binary components is usually made
lar features are not observed on the other two samples. F@fhere the masses in cubic CdSe are assumed to be 20—25 %
higher Cd contenfFig. 2(c)], neither the somewhat larger smaller than those for ZnSdn what follows, we extract the
inhomogeneous broadening nor the increased Ih-hh splittinfhformation contained in the magneto-optical data of the pre-
allows one to trace the Landau levels up to the Ih excitonious section by comparing them with numerical calculations
continuum, whereas forcy=0.076 in Fig. 2a) that regionis  of magnetoexciton energies. The various parameters enter
covered by the onset of barrier absorption. For the lattefith quite different importance. This is demonstrated in Fig.
sample, the magnetic field behavior of the hh exciton ground;, where hh magnetoexciton energies computed by the NSIM
state is depicted again in Fig. 3 using an enlarged energyre drawn versus magnetic field. The solid lines are obtained
scale. Additionally, the data for thes1h exciton are given, using the masses ifl0) adapted taxc;=0.12 and a total
which exhibit a more complicated behavior. Superimposetand offsetV,+V,=157 meV shared by,./V,=0.7/0.3
to the splitting between the ™ and o~ component, a non- petween conduction and hh valence band. An increase of the

monotonous dependence Bnis observable. offset by 50%(dashed-dotted lingyields a low-energy shift
of the exciton ground state due to increased confinement, but
IV. ANALYSIS OF EXPERIMENTAL DATA practically no resolvable changes for the excited exciton

states. The latter applies also wheég/V,, is increased up to
For ZnSe-related MQW's, there are still considerable un g/0.2 and, as long as is kept fixed, for a variation of the
certainties about the correct band offsets and carrier massageavy-hole and electron masses alongzfais. The reason
Even for bulk ZnSe, two different sets of electron and holefor this is that the alteration of the subband wave functions
masses are widely used: by those parameters modifies the effective Coulomb poten-
tial V(o) in such a way that excited exciton states with
Me=0.160ng, My, =0.493Ng, smaller probability density near=0 are less affected than
the ground state. On the contrary, as seen from the dashed
mp, =0.152ng (y,=4.30, y,=1.14 (9) linesin Fig. 4, a change of the reduced in-plane mass by only
5% causes already a significant variation of the excited mag-
and netoexciton energies. Therefore, despite uncertainties re-
maining for the band offsets and carrier masses in zhe
me=0.14"ny, my,, =0.813ng, direction, the correct values f@; and u can be precisely
derived from their magnetic-field behavitr.As demon-
My, =0.272ny (y,=2.45, v,=0.6]) (10 strated by Fig. 2, a very satisfactory fit is indeed achieved for
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TABLE |. Parameters of the hh exciton obtained by flttlng the |ng both the magnetic field dependence)@]t_l direct|y cal-
excited_states with th_e magnetoexciton calculations and the groungl;|ated by the NSIM as well as the exciton wave functisn
state with(8), respectively. of the variational treatment. As seen in Table II, either
N N ) method yields practically the same values. This shows that,
Xcg  dw (nm) Eg (€V) Rup (MeV) uf/mo & (ueVIT) det  gespite the neglected electron-hole correlation alongzthe
0076 45 2772 31.4 0114 (3.3 0.35 direction, the in-plane motion of the ground-state exciton is
0.13 5.0 2716 33.6 0.115 4.4 0.26 described correctly by the NSIM too. For the MQW'’s with
021 50 2 660 373 0.122 35 0.21 higher Cd concentration, the calculatéccoefficients agree
very well with the experimental data. Frof@), the expecta-
tion value of the squared in-plane radius can be determined.

any of the three MQW structures. The resulting subbandn increase okcq from 0.13 to 0.21 decreas§@2>1/2_ from
gaps and reduced in-plane masses are summarized in Tablg8 t0 4.4 nm, reflecting the stronger two-dimensional con-
Instead ofu representing an average over the subband wavlinement for larger barriers. The value éffound for the
functions, the massy(f) is given, which belongs purely to sample withxcq=0.076 may be already influenced by the
the strained well material. Unlike a previous analysis base§CUPling with Ih states due to the smaller hh-lh splitting. The
only on exciton ground-state datahe fitting procedure re- dependence_ q[;eﬁ on th_e Cd content indicates also a small
veals an increase QW with growing Cd content. An ex- but not ngghg_lble coupling for the ground state._The v_alence-
trapolation to ZnSe yields a reduced in-plane mass consistefNd MiXing is more clequy sgen'from the anticrossing fea-
with set(10) rather than(9). Accordingly, all calculations of wres marked by das_he_d lines in Elgb)Z(xCd=0.13)_ as well
the present paper rely on the band mag$@sproportionally as fro_m the magnetic-field behavior of the Ih exciton ground
increased to obtain the reduced in-plane masses given ffate in F'g'.3 ((Cd='0.076). In what follows, we present a
Table I. It should be noted that, even for the highest fieldsdu@litative discussion of those effects on the basis of the
both slope and energy spacing of the excited exciton stateielection rules _for '_che band mixing.
(Fig. 2) deviate remarkably from the values expected for In (1), the kinetic energy tgrm; of the hole have .to be
pure Landau levels. This indicates the significant role still'éPlaced by the #4 k-p Hamiltonian for heavy and light
played by the Coulomb interaction. A quite similar behavior"0les With the angular momentujp=3/2 and its projection
has been very recently reported for magnetoexcitons ihzh==3/2 and=1/2, respectively” In Ref. 14, numerical
CdTe/Cdzn, Te QW's (Ref. 27 with even less exciton calculations of magnetoexcitons have been performed within
binding energies. th_ls framework. The mod|f|eo_l qullton|an commutes neither
As seen from Fig. 2, the agreement between the exper}’-‘”th the square nor the projection of the angular momenta
mental data and the NSIM calculations is less perfect for theéh @ndL arising from Bloch factors and the internal exciton
exciton ground states. Nevertheless, sifieis accurately motion, respectively. Instead, the square and projection of

known from the fit of the excited exciton states, the bindingthe té)tal al\r/llgular momenturﬁt= L f+ tﬂh are .?qu quanltum .
energyRy,= EX — Eyy can be easily derived using f&,, the numbers. Moreover, the parity of the excitonic envelope is

experimental position aB=0. In addition toRy,, Table I cpnserved. Therefore, exciton Statesl'JZ’h>. (Ref. 30 of
. . differentl andj, ,, have to be properly combined to construct
compiles also the magnetic parametérand g+ deduced :

with the aid of the empirical formuléB). The 2.7—2.9-meV smultaneoqs eigenstates, ) .Of the Har_nlltoman,Fz, Fz
smaller values of the exciton binding energy obtained by thé‘"md the_p_anty operator. _Fm&hke_ hh excﬂtin states| €0,
NSIM (see Table Il are caused by the neglect of the Cou- only rﬂ'é'lng with excited d-like (I=x2) Ih states
lomb correlation along the direction in (2).28 Indeed, a °¢CU’s:
much better description of the ground state is provided by

the variational treatment with the two-parameter wave func-
tion (5) previously successfully applied to explain exciton
data on ZpCd,; _,Se/ZnSe MQW'’s with no magnetic fiefd. and
The computed exciton binding energies given also in Table
Il are very close to the semiexperimental data in Table I. We
have also enumerated the diamagnetic shift coefficheuns-

|+3/2>=Cll|nlS,+3/2>+C12|n2d+,—1/2> (11)

| =3/2)=Cyq|N1S,— 3/2) +Coglnpd ™, +1/2), Nny,=3,
(12

) , _ being optically active forc™ and o~ polarization, respec-
TABLE Il. Comparison of the hh exciton ground-state binding tively. Due to the Zeeman term i8), their magnetic-field
energy and the in-plane size obtained from the numerical solutioghiﬂ is different. In a pure Landau level pictured 3 corre-
of (4) and the variational treatment. sponds to a transition between the zeroth electron and the
second hole level, whereas 8 takes place between the sec-

Variational .
ond electron and the zeroth hole level. For the coupling be-
Sample NSIM treatment ) . e
tween the %-lh exciton state and-like hh states a similar
Xcd dy, Rnn é Rn é

consideration shows that the mixing with" and d~ hh

2 2
(hm (meV)  (weVIT) (meV) (weviT) states appears also in” ando~ polarization, respectively.

0.076 45 28.7 5.14 31.1 4.89 We note that the coupling of hh and |h states is present
0.13 5.0 31.7 4.40 33.3 4.43 already atB=0. In a magnetic field, this effect can be en-
0.21 5.0 34.2 3.62 35.8 3.68 hanced by tuning the various states energetically closer or

even into resonance.
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Xcgq In Fig. 3, the Ih exciton ground state is placed 2.5 meV

E below theX, » state. In that case, the valence-band mixing
2 results in a nonmonotonous behavioqf 15 clearly seen on

& 2.76 the enlarged energy scale. It should be noted that the ob-
3 served splitting betweea™ and o~ polarization is also in-

§ fluenced by the coupling with thed3 and 3~ hh exciton

:: 2 740 states, respectively.

According to(11) and (12), the hh exciton ground state
can only couple withd-like excited states of the Ih exciton.
The energetic spacingearly given by the sum of the split-
ting between hh and Ih excitoand the 1h excitonRyd-
berg is so large that this coupling is, however, of minor
importance. Practically, the same holds for excitdike hh
270 exciton states until they are moved into the spectral range of
’ excited 1h stategabove 2.74 eV in Fig. ®)]. For this rea-
son, the two-band model is quite adequate to describe hh
hh-1s magnetoexcitons with energies below the Ih subband gap.
2.68F Above this energy, clear anticrossing features of tkeabd
‘ ‘ : ‘ ‘ ' 6s hh exciton states are seen at the intersection witHh3

0 2 4 6 8 10 12 states in Fig. &) (cf. Fig. 5. The spectra in the lower part of
B [T] Fig. 1 exhibit additional evidence for this. For both magnetic
field strengths depicted, the state just located at the cross-
FIG. 5. Computed energies aflike hh (solid lines, 1s T over, 5 or 6s, has gained an increased oscillator strength.

(dashed-dotted lingand 3 hh and Ih(dashed linesmagnetoexci-
tons vs magnetic field. For further explanations see text.

2721

V. CONCLUSIONS

In conclusion, we have presented a systematic experimen-

In Fig. 5, the magnetoexciton energies §siike hh states tal and numerical analysis of magnetoexcitons in vv_lde_-gap
(solid lineg are given in comparison with those of the Ih I-VI-related MQW’s. Very precise values of the binding
ground state(dashed-dotted lineas well as hh and lh@  ©€nergy as well as the in-plane size and reduceq mass of the
states(dashed lines Both the hh and Ih energies are sepa-heavy-hole exciton in ZfCd, ,Se MQW's are gained. The
rately computed within the two-band model by the NSIM experimental data for the excited exciton states are well re-
method. The data obtained for the,=0.13 sampleFig. produced by a numerical solution of the in-plane motion of
2(b)] are used. Here, the 1h exciton ground state is placef‘@gnetoexcitons. For the exciton ground state, a variational
about 1 meV aboveE* of the hh band aB=0. At the treatment with a two-parameter trial function yields better
intersections in Fig. 5 marked by a circle containing the re_agreemen}. Antch035|_ng feqtures with different selection
spective photon polarization, the hh-lh mixing is resonantlyrUIeS foro andq active excitons as well as a nonmonoto-
enhanced. FoX;, 1o andX,, o4, this occurs at fields around nous magnetic field behavior of the lh exciton ground state

. s s

11 T between theyy, x and Xy, 3 States. Indeed, a respec- ?jarnk be \{ve(ljl he;}xplai.ned by t.he bvalencde-rt])ar]ld. mixm%‘ A
tive field-induced absorption feature denoted lal/ 3n Fig. -like excite exciton state is observed the finite oscillator

2(b) is found foro— polarization aB=10 T. Both its vis- strength of which results from admixing of the lh exciton

ibility in a limited range of magnetic fields as well as its state.
low-energy shift withB have to be attributed to the varying
coupling strength around the intersection. Due to the larger
magnetic field shift oiXpp, 3 , its mixing with X, 15 opti- The authors thank N. Hoffman, J. Griesche, and M. Rabe
cally active fore™ polarization is expected only in a small for the MBE growth. One of ug§V.V.R.) is grateful to the
interval at lower magnetic fields and, thus, not observeddlexander von Humboldt Foundation for the financial sup-
here. Recently, both kinds of coupling have been reported foport. Part of this work was funded by the Deutsche For-
In,Ga; _,As/GaAs QW's*? For the sample with the smallest chungsgemeinschaft in the framework of Sfb 296.
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