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We report GaAs/(Al, Ga)As nanowires in the one-dimensional (1D) quantum limit. The ultrathin
wurtzite GaAs cores between 20 and 40 nm induce large confinement energies of several tens of mil-
lielectronvolts, allowing us to experimentally resolve up to four well-separated subband excitations in
microphotoluminescence spectroscopy. Our detailed experimental and theoretical polarization-resolved
study reveals a strong diameter-dependent anisotropy of these transitions: We demonstrate that the polar-
ization of the detected photoluminescence is governed, on the one hand, by the symmetry of the wurtzite
1D quantum wire subbands but also, on the other, by the dielectric mismatch of the wires with the sur-
rounding material. The latter effect leads to a strong attenuation of perpendicularly polarized light in
thin-dielectric wires, making the thickness of the (Al, Ga)As shell an important factor in the observed
polarization behavior. Including the dielectric mismatch to our k · p-based simulated polarization-resolved
spectra of purely wurtzite GaAs quantum wires, we find excellent agreement between experiment and the-
ory. These findings reveal insights relevant to spectroscopic studies of the 1D quantum regime and the
design of photonic quantum wire applications such as lasers and hopefully open up paths for selective
subband excitations.
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I. INTRODUCTION

One-dimensional (1D) quantum wires stand out amongst
spatially quantum confined solid-state structures because
of their unique quantized properties, such as fully ballistic
transport [1], efficient light-matter interaction with partic-
ular relevance for the realization of lasers [2,3], strong
manifestations of correlation [4] or quasiparticle states [5],
and dispersion effects [6] in spin-orbit coupled systems. At
the same time, the experimental exploration of this rich
physics is challenged by the availability of suitable solid-
state structures. One challenge is the realization of wires
with confinement energies large enough to operate exper-
iments in the 1D quantum limit; in particular, for optical
spectroscopy. In this regard, catalytically self-assembled
ultrathin GaAs nanowires [7–10] with very pure crystal
phases [11] have recently yielded interesting experimen-
tal perspectives. In this paper, we report 1D semiconductor
quantum wires revealing up to four well-separated subband
transitions in single-wire photoluminescence (PL) with
confinement energies of several tens of millielectronvolts.
Our core/shell nanowires feature ultrathin GaAs cores
below 40 nm and an (Al, Ga)As shell for which we vary the
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thickness. The experimental polarization-resolved spec-
tra and observed confinement energies match very well
with our k · p simulations for purely wurtzite nanowires,
including band mixing in the valence bands. Our experi-
mental and theoretical study also clearly demonstrates the
importance of the (Al, Ga)As shell thickness in single-
wire polarization-resolved studies: the intrinsic electronic
polarization selection rules are overlain by extrinsic classi-
cal polarization anisotropies, resulting from the dielectric
mismatch between the GaAs/(Al, Ga)As nanowire and its
environment. We find that (Al, Ga)As shell thicknesses of
several hundred nanometers are required to experimen-
tally observe the pure wurtzite electronic 1D quantum
wire polarization behavior for several quantum confined
subbands.

II. EXPERIMENTAL AND THEORETICAL
DETAILS

The investigated core/shell wurtzite GaAs quantum
wires are grown by solid-source molecular-beam epi-
taxy (MBE) on semi-insulating GaAs(111)B substrates via
Au-catalyzed vapor-liquid-solid growth. Prior to growth,
the substrates are covered with a very thin Au layer
of nominally 0.05 Å, which forms Au-Ga droplets of

2331-7019/22/18(5)/054014(8) 054014-1 © 2022 American Physical Society

https://orcid.org/0000-0002-4756-823X
https://orcid.org/0000-0002-1161-2059
https://orcid.org/0000-0002-3009-4525
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevApplied.18.054014&domain=pdf&date_stamp=2022-11-04
http://dx.doi.org/10.1103/PhysRevApplied.18.054014


VIOLA ZELLER et al. PHYS. REV. APPLIED 18, 054014 (2022)

approximately 30-nm diameter. The nanowire growth pro-
cedure is separated into two steps. In the first step, we
synthesize the ultrathin GaAs cores at a substrate tem-
perature of 540 ◦C for 95 min, a Ga rate of 0.7 Å/s, and
an As4-to-Ga ratio of 2. This step yields vertically grown
wires with high wurtzite crystal-phase purity [7,11,12],
a uniform length of 2 μm on average, and an average
diameter of 30 nm (±10 nm), thin enough to observe
1D spatial quantum confinement effects [7]. In the sec-
ond step, the growth temperature is lowered to 460 ◦C,
while the As4-to-Ga ratio is increased to approximately 4,
enabling a lateral overgrowth of the ultrathin GaAs core
with an Al0.38Ga0.62As shell. In this way, we fabricate
several wafers with different (Al, Ga)As shell thicknesses.
Figure 1 shows scanning electron micrographs (SEM) of
as-grown nanowires without a shell [Fig. 1(a)] and with
various shell thicknesses corresponding to a lateral over-
growth time of 13 min [Fig. 1(b)], 32 min [Fig. 1(c)], and
63 min [Fig. 1(d)]. All nanowire shells are finally capped
with nominally 5 nm GaAs to prevent the oxidation of the
(Al, Ga)As. We produce nanowires with total core/shell
diameters ranging from 50 nm to 230 nm as determined
by SEM, which we refer to as the dielectric diameter in
the following, as the GaAs core and the Al0.38Ga0.62As

(a) (b) (c) (d)

FIG. 1. Representative scanning electron micrographs of
quantum wires from four different growth runs. Pure GaAs
core (a) without a (Al, Ga)As shell and (b)–(d) with different
(Al, Ga)As shell thicknesses. The total diameter of the wires
amounts to (a) 30 nm, (b) 70 nm, (c) 160 nm, and (d) 220 nm,
with lengths ranging from (a) 2 μm to (d) 3 μm. The scale bar is
250 nm.

shell have similar dielectric constants. The larger band gap
of the Al0.38Ga0.62As shell confines all photocarriers to
the GaAs core and suppresses nonradiative recombination
caused by surface states, which is why we obtain a suf-
ficient radiative efficiency in the photoluminescence (PL)
even for the thinnest wires.

For PL experiments, the nanowires are randomly dis-
persed onto 300-nm thermal SiO2 formed on p-doped
silicon chips by carefully brushing the growth substrate
over the chip surface. In our confocal microphotolumi-
nescence (micrometer-PL) setup, the samples are excited
by a pulsed semiconductor diode laser in a He-flow cryo-
stat at 4.2 K. We use two different PicoQuant lasers with
peak energies of 1.8 eV (690 nm) or 3.1 eV (405 nm), an
approximately 50-ps pulse duration, and a variable repeti-
tion frequency. The laser beam is focused onto the sample
through a 100× microscope objective with a numerical
aperture of NA = 0.8, resulting in a spot diameter of
approximately 1 μm, hence allowing us to address sin-
gle nanowires lying on SiO2. The PL signal is collected
through the same objective and focused onto the entrance
slit of a 75-cm spectrometer, dispersed by a 150-mm−1

grating and detected with a charge-coupled device (CCD)
camera. The exciting laser light is cut off by a suitable
long-pass filter.

The conduction- and valence-band states of the pure
GaAs wurtzite nanowires are calculated via the k · p
framework, within the formalism of the envelope-function
approximation and the plane-wave expansion to treat the
hexagonal quantum confinement. The valence-band k · p
Hamiltonian incorporates band-mixing effects of heavy,
light, and crystal-field split-off holes, which are crucial to
properly model the intrinsic polarization anisotropies of
optical spectra [13–16]. The conduction band is treated
with a parabolic dispersion. Specific details of the k · p-
based calculations can be found in Refs. [7,17,18]. We
use the valence-band parameters and the electron effec-
tive masses given in Ref. [19] [from the GW–local-density
approximation (LDA) data set, without including the spin-
splitting terms in the valence band].

The optical signatures of the different subband excita-
tions in the nanowires are investigated by calculating the
absorption spectra[20,21]:

αa(�ω) = C0

∑

c,v,kz

∣∣pa
cvkz

∣∣2 Fcvkz δ
(
�ωcvkz −�ω

)
, (1)

in which the superscript a refers to the light polariza-
tion along the x (perpendicular) or z (parallel to the
nanowire axis) direction, the index c(v) labels the con-
duction (valence) subbands, kz is the wave vector along
the nanowire axis, pa

cvkz
= 〈

c, kz
∣∣�p · â

∣∣ v, kz
〉

is the dipole
matrix element for the polarization of the light â that
incorporates the valence-band mixing and anisotropic
Kane parameters [16,22], Fcvkz = (

fv,kz − fc,kz

)
, fc(v),kz is
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the Fermi-Dirac distribution for the electron occupancy
in the conduction (valence) subbands, � is Planck’s con-
stant, ωcvkz is the interband transition frequency, and δ

is the Dirac delta function. The constant C0 is C0 =
4π2e2/(clnrε0m2

0ω�), in which e is the electron charge, cl
is the speed of light, nr is the refractive index of the mate-
rial, ε0 is the vacuum permittivity, m0 is the free-electron
mass, and � is the nanowire volume. In our calculations,
we assume undoped systems at nearly zero temperature, so
that

(
fv�k − fc�k

) = 1 [23]. To include broadening effects due
to the finite lifetimes of the carriers [20,24], we replace the
Dirac delta function by a Lorentzian function with a full
width at half maximum of 5 meV.

III. RESULTS AND DISCUSSION

We investigate several tens of single quantum wires with
different core and shell diameters. These wires are opti-
cally preselected to display a defect-free emission, which
is correlated with a high crystal-phase purity [11,12,25]. A
characteristic excitation power series of the PL emission
of a single wire is shown in Fig. 2(a). While at low excita-
tion power the emission (light brown curve) only displays
the single narrow PL peak representative of the ground-
state emission [labeled “1” in Fig. 2(a)], up to four peaks ,
labeled “1” to “4,” arise in the spectrum as we gradually
increase the excitation power. Note that emission peaks
1–4 do not significantly change their energetic position
with an increasing excitation level.

In Fig. 2(b), we summarize the peak energies observed
in 37 single wires for the up to four peaks that arise with an
increasing excitation power. These wires span core diam-
eters between approximately 20 and 40 nm. The figure

displays the peak energies of peaks 2–4 as a function of
the energy of their corresponding ground-state emission
peak 1. As a consequence of increasing spatial quantum
confinement, the ground-state PL energy of peak 1 contin-
uously increases from 1.515 eV to 1.548 eV for decreasing
core diameters. Furthermore, for all wires, the peak ener-
gies for peaks 2–4 clearly increase steadily, along with the
corresponding ground-state energy. All three peak ener-
gies 2–4 follow a roughly linear evolution as a function
of the ground-state energy 1, indicated as a guide to the
eye for each peak in Fig. 2(b). The slightly larger scat-
tering of the peak energies of peaks 3 and 4 is a result
of some of these peaks being broader than peaks 1 and
2, increasing the error in our peak-value determination.
The observed relationship of peaks 2–4 to peak 1 sug-
gests that, like peak 1, the emission energies of peaks
2–4 are governed by the same core-diameter dependence
for all 37 studied quantum wires. At the same time, we
observe that for a given core diameter, the energies for
peaks 1–4 are independent of the shell thickness, i.e., of the
dielectric diameter of the wire. We interpret these obser-
vations as a strong indication for peaks 2–4 to represent
emission peaks from excited quantum wire subbands, suc-
cessively filled with an increasing excitation power. The
confinement energies of several tens of millielectronvolts
are exceptionally large for 1D quantum wires and, hence,
particularly relevant for experimental studies of 1D phe-
nomena. We emphasize that the 37 quantum wires shown
in Fig. 2(b) feature different dielectric diameters. As a con-
sequence, all the different shapes shown in Figs. 1(b)–1(d)
are present in Fig. 2(b). Hence, while each wire in prin-
ciple geometrically represents a cavity, we exclude peaks
1–4 to represent Fabry-Pérot resonances: we would be

(a) (b)

FIG. 2. The observation of subband transitions in wurtzite quantum wires. (a) Spectra of a single quantum wire at increasing exci-
tation intensities. With higher excitation, the subbands gradually fill up and appear as discernible peaks in the PL spectrum. The
individual spectra are normalized to their maximum. (b) The subband energies of the investigated nanowires at high excitation power
as a function of the ground-state emission energy (at low excitation power). The linear dependence between the energies is indicative
of subband transitions. The lines are guides for the eye.
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highly unlikely to observe the behavior documented in
Fig. 2(b) for Fabry-Pérot resonances in 37 wires with
different dielectric diameters, tip shapes, and wire lengths.

The ability to resolve the emission of excited quantum
wire subbands opens up the possibility of experimentally
uncovering the polarization behavior of quantum wires
in a wurtzite crystal. In bulk wurtzite GaAs, the degen-
eracy between the heavy-hole (hh) and light-hole (lh)
valence bands is lifted. As a result, the PL emission of
bulk nanowires has been shown to be dominated by transi-
tions from the hh band, inducing a preferred polarization
perpendicular to the nanowire axis [11,25–29]. Adding
spatial quantum confinement, we have recently discussed
a realistic model of the energetic subband structure of
GaAs wurtzite quantum wires in the context of inter-
subband transitions resolved by resonant inelastic light
scattering [18].

Figure 3(a) sketches the electronic subband structure of
a 1D quantum wire for the conduction (gray), dominantly
hh (red), and dominantly lh (blue) bands. Note that domi-
nantly hh transitions (red) only contribute to emission and
absorption with perpendicular dipoles, while lh transitions
(blue) contribute to both perpendicular and parallel polar-
ization. Hence, the character of the electronic transitions
involved can be expected to strongly affect the polariza-
tion behavior of the experimental emission and absorption
spectra.

In Fig. 3(b), we show the realistic simulation of a
polarization-resolved absorption spectrum for a GaAs
quantum wire with 26-nm core diameter. The spectrum
is structured by the Van Hove singularities of the joint
density of states for a 1D quantum object weighted by

(a) (b)

FIG. 3. The polarization selection rules in 1D-confined
wurtzite GaAs. (a) A sketch of the subband dispersion resulting
from size quantization. The electronic conduction band (gray)
and the nondegenerate hh (red) and lh (blue) valence bands
are split into subbands. The arrows indicate the allowed dipole
transitions with their respective allowed directions of polariza-
tion. (b) Calculated polarization-resolved absorption spectra of
a wurtzite GaAs nanowire with 26-nm core diameter, showing
typical Van Hove singularities of a 1D quantum object.

the allowed optical transitions. These singularities are res-
onances of the transitions highlighted by the arrows in
Fig. 3(a) and are offset with respect to the bulk wurtzite
GaAs band gap, set here to Egap = 0 meV. As can be
seen in Fig. 3(b), our calculation for a wurtzite quantum
wire with a 26-nm core diameter predicts the emission
and absorption for energies up to 200 meV above the
bulk wurtzite band gap to be dominated by perpendicular
transition dipoles.

To test this prediction experimentally, we insert a rotat-
able linear polarizer in the detection path and analyze the
polarization of the emitted light in the x and z directions.
A schematic of the setup is shown in Fig. 4(a). We now
discuss a series of quantum wires for which the energies
of peaks 1–3 display excellent matches with the first Van
Hove singularities in Fig. 3(b). From this excellent match
between the simulation and the energy positions of the
PL peaks, we conclude that all the wires discussed in the
following have a core diameter of 26 nm.

In Fig. 4(b), we start with the polarization-resolved
spectra (x and z directions) of a quantum wire that features
a comparatively thin dielectric diameter of 45 nm, deter-
mined by SEM. In accordance with the predicted dominant
hh character from our simulation, the polarization of the
ground-state transition at 1.537 eV clearly shows a pref-
erential direction perpendicular to the wire axis in the PL
spectrum. Intriguingly, however, the dominant polarization
of the emitted light changes from perpendicular to paral-
lel at an energy of approximately 1.55 eV. The parallel
polarized PL then clearly dominates the spectrum above

(a) (b)

(c)

FIG. 4. The polarization-resolved analysis of thin quantum
wires. (a) A simplified schematic of the measurement setup. (b)
Experimental PL emission spectra analyzed perpendicular (x-
pol., red) and parallel (z-pol., black) to the wire axis. (c) The
calculated perpendicular- (red) and parallel- (black) polarized
absorption spectra. The x-polarized spectrum (red) is multiplied
by the attenuation constant δ = 0.016 according to our sim-
ulations. The intensities in (b) and (c) are given in arbitrary
units.

054014-4



WURTZITE QUANTUM WIRES. . . PHYS. REV. APPLIED 18, 054014 (2022)

approximately 1.55 eV. Hence, at first sight, the polariza-
tion in the experiment is in discrepancy with our simulation
in Fig. 3(b), which is solely based on interband transitions
from the electronic 1D subband structure. Note, however,
and as mentioned before, that the energetic positions of
peaks 1–3 in Fig. 4(b) are in excellent agreement with
Fig. 3(b).

This discrepancy in the polarization behavior between
experiment and simulation motivates us to consider pos-
sible extrinsic impacts on the polarization behavior of
the emission and absorption in nanowires and to explore
whether they might add to or even outweigh the predic-
tion of our intrinsic electronic simulation in certain energy
regions of the spectrum. In this context, it has been dis-
cussed that the high aspect ratio, combined with the large
refractive-index contrast between the wire and its environ-
ment (vacuum), causes a strong polarization anisotropy.
This dielectric mismatch effect favors the absorption and
emission of parallel polarized light. For instance, when a
dielectric cylinder with the dielectric constant ε is placed
into an external electric field E0, the component normal
to the wire axis is essentially suppressed inside the wire
[13,19,28,30,31]:

E⊥ = 2ε0

ε + ε0
E0⊥, (2)

where ε0 is the vacuum permittivity and E⊥ and E0⊥
are the normal-electric-field components inside and out-
side the wire, respectively. At the same time, the field
component parallel to the wire is not reduced: E‖ = E0‖.
Though Eq. (2) has been initially derived for static electric
fields, it has been shown to also be valid for electromag-
netic waves, as long as their wavelength can be considered
to be much larger than the diameter of the wire, λ � d
[13,19,30,31]. Given that E0‖ = E0⊥, the damping constant
for the perpendicular field inside the wire amounts to

δ = Ix

Iz
= |E⊥|2

|E‖|2 =
∣∣∣∣

2ε0

ε + ε0

∣∣∣∣
2

. (3)

Given that nanowires rarely fulfill the condition λ � d,
we go beyond Eq. (3) by estimating the attenuation of
the perpendicular electric field δ = Ix/Iy as a function of
the nanowire diameter by finite-element-method- (FEM)
based modeling (for a detailed description, see the Supple-
mental Material [32]). For the wire discussed in Fig. 4(b),
we find that δ = 0.016. Figure 4(c) then again displays
our calculated absorption spectra discussed in Fig. 3(b)
but, in addition, the x-polarized spectrum is now mul-
tiplied by δ = 0.016, to take into account the dielectric
mismatch effect for a wire with a diameter of 45 nm. We
shift the absorption spectrum rigidly so that the first singu-
larity coincides with the ground-state PL peak of Fig. 4(b).
Clearly, the simulated absorption spectrum in Fig. 4(c)

predicts a preferred z polarization above 1.55 eV, while
x polarization dominates below this energy. As a conse-
quence, the simulation is now in excellent agreement with
the characteristic features of the experimental emission
spectra: not only do the energetic positions of the first
four PL peaks match with the calculated electronic sub-
band excitations but, also, the switching from a dominant
x polarization to a dominant z polarization around 1.55
eV is correctly predicted. Clearly, the simulated absorption
spectrum in Fig. 4(c) predicts a preferred z polarization
above 1.55 eV due to hh-lh mixing [18], while x polar-
ization dominates below this energy. Given that we excite
with comparatively large power densities to pump up to
four subband transitions, the experimental emission spec-
trum contains contributions from such mixed states. As a
consequence, the simulation is now in excellent agreement
with the characteristic features of the experimental emis-
sion spectra: not only do the energetic positions of the
first four PL peaks match with the calculated electronic
subband excitations but, also, the switching from a dom-
inant x polarization to a dominant z polarization around
1.55 eV is correctly predicted. Note that we analyze sev-
eral nanowires with dielectric diameters around 45 nm and
observe this switching of the dominant polarization for all
of them, even for core diameters smaller or larger than the
discussed 26 nm. Hence, we interpret the strong attenu-
ation of the perpendicular transitions in these wires as a
consequence of strong dielectric mismatch.

Our model system of wurtzite GaAs quantum wires
with variable shell thickness allows us to further specify
the effect of the dielectric mismatch on the polarization
behavior as a function of the dielectric diameter, as pre-
dicted by Ruda et al. [33]. In particular, the attenuation of
the perpendicular-electric-field component should gradu-
ally be weakened when increasing the dielectric diameter.
Thus, we now discuss the polarization-resolved spectra for
a much thicker wire featuring a dielectric diameter of 220
nm. At the same time, compared to Fig. 4(b), we keep
the GaAs quantum wire core diameter constant at 26 nm.
From our FEM simulations, we calculate δ = 0.47 for a
dielectric diameter of 220 nm. In Fig. 5(a), we show the
experimental polarization-resolved PL spectra and com-
pare them to the corresponding calculated absorption spec-
tra, plotted in Fig. 5(b). As in Fig. 4(c), the x-polarized
simulated spectrum is multiplied by the attenuation factor,
here δ = 0.47. The three major PL peaks of the experi-
ment agree very well with the first Van Hove singularities
predicted for this 26-nm quantum wire core. At the same
time, contrary to the thinner 45-nm dielectric diameter, this
220-nm dielectric diameter reveals a preferred polarization
perpendicular to the wire axis over the entire experimen-
tally covered energy range, consistent with the simulated
absorption spectra.

Note that the experimental spectrum in Fig. 5(a) delivers
a nonzero signal with parallel z polarization (black curve),
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(a) (c)

(b) (d)

r
r

FIG. 5. (a) The polarization-resolved PL emission spectra of a quantum wire with a dielectric diameter of 220 nm and a core
diameter of 26 nm. (b) The corresponding calculated absorption spectra of a 26-nm wire, where the x-polarized spectrum is multiplied
by δ = 0.47. The intensities in (a) and (b) are given in arbitrary units. (c) The energy-dependent ρ curves of three wires with a 26-nm
core and different dielectric diameters of d = 45 nm, d = 110 nm, and d = 220 nm, respectively. (d) The energy-dependent ρ curves
of the calculated absorption spectra with different δ values found from our FEM simulations for the corresponding diameters in (c).

including two peaks in the energy range of 1.50–1.60 eV,
which are not predicted by the simulation in Fig. 5(b).
As we discuss in more detail in the Supplemental Mate-
rial [32], we see strong hints that the z-polarized signal in
this comparatively thick wire actually does not result from
z-polarized electronic transitions. Rather, it stems from y-
polarized emission (which we do not directly access in our
measurement geometry [Fig. 4(a)]), which propagates as
a guided mode and is scattered isotropically at the end
facets of the wire, producing a spurious z polarization.
Given that the waveguiding of perpendicularly polarized
light is more efficient for thicker dielectric wire diameters,
we expect this scattering effect to be more pronounced in
our wire with 220-nm diameter than in the 45-nm wire.
Hence, the two peaks are clearly visible in the 220-nm wire
in Fig. 5(a), while their occurrence is less obvious in the
45-nm wire in Fig. 4(b).

To demonstrate that the dominant modulation mecha-
nism of the intrinsic polarization-resolved emission of our
quantum wires is the dielectric diameter-dependent atten-
uation, we finally compare the 45 nm wire [Figs. 4(b)
and 4(c)], the 220 nm wire [Figs. 5(a) and 5(b)], and a wire
with an intermediate dielectric diameter thickness of 110
nm in Figs. 5(c) and 5(d) (constant core diameter, 26 nm).
We plot the energy-dependent degree of linear polarization
(ρ), defined as

ρ = (Ix − Iz)

(Ix + Iz)
, (4)

so that the pure x polarization of the light yields ρ = +1
and pure z polarization yields ρ = −1. Figure 5(c) shows
the experimentally determined ρ for all three wires, as
extracted from the polarization-resolved PL spectra. We
compare these traces to the ρ extracted from our calcu-
lated absorption spectra shown in Fig. 5(d), for which the
x polarization is modulated with the attenuation δ value
corresponding to each dielectric diameter. In order to align
the energy scale, the energy of the ground-state transition
is set to zero for all curves.

For the comparatively thick-dielectric 220-nm wire (δ =
0.47), which we analyze in Figs. 5(a) and 5(b), the pre-
ferred perpendicular polarization observed over the exper-
imentally covered energy range translates into a ρ with a
positive value and no significant variation as a function
of energy, in both ρ curves in Figs. 5(c) and 5(d). The
experimental and the simulated ρ only differ in their abso-
lute values, the simulated one being close to 1 while the
experimental one is smaller. We see here a quantitative
manifestation of the scattering of y-polarized guided wire
modes at the end facets of the comparatively thick wire
(see the Supplemental Material [32]), which we discuss
in the context of the corresponding spectra in Figs. 5(a)
and 5(b). The ρ corresponding to the thinnest dielec-
tric wire of 45 nm (δ = 0.016), which we analyze in
Figs. 4(b) and 4(c), nicely illustrates the previously dis-
cussed switching from a dominant x polarization (positive
ρ) to a dominant z polarization (negative ρ) around 15
meV, as well as the presence of the first two subband
transitions at 0 meV and 42 meV. Note also that the gradual
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increase of the z-polarized emission from 0 to 100 meV,
which is predicted in the model in Fig. 4(c) between 1.50
and 1.60 eV and which results from the increased con-
tribution of hh-lh mixing [18], is clearly resolved in the
experimental [Fig. 5(c)] and the simulated [Fig. 5(d)] ρ

values. Hence, the ρ trace of the 45-nm wire points out
the key consequence of the significant attenuation of the
x-polarized emission due to the dielectric mismatch for
sufficiently thin-dielectric wires: even small contributions
from z-polarized transitions, which may seem negligible
in the emission or absorption without an attenuation of
the x polarization, will manifest in spectra of sufficiently
thin wires. The control that we exert over the strength
of the attenuation of the x-polarized contributions via the
nanowire diameter is illustrated by the ρ of the interme-
diate 110-nm wire (δ = 0.044): the sign change of the ρ

occurs later in energy compared to the 45-nm wire. At the
same time, the attenuation is still strong enough to clearly
resolve the occurrence of the two first subband transitions
and the increasing contribution of z-polarized transitions
from 0 to 100 meV, with excellent consistency between
the experimental [Fig. 5(c)] and simulated [Fig. 5(d)] ρ

values. Note that the discrepancy of the absolute ρ values
around 0 meV is much less pronounced for the 45-nm and
the 110-nm wires than for the 220-nm wire. This observa-
tion supports our interpretation that the discrepancy for the
220-nm wire is due to significant scattering of perpendic-
ular y-polarized guided wire modes, since waveguiding is
not supported in the thinner wires. The excellent consis-
tency between simulations and experiments highlights that
the ρ spectra of the three nanowires are the result of a sub-
tle superposition of the polarization behavior imposed by
the electronic transitions and the attenuation of the perpen-
dicular field components due to the diameter-dependent
dielectric mismatch effect. Remarkably, the electromag-
netic phenomenon of the dielectric mismatch effect and its
attenuation of E⊥ allows to reveal even small contributions
of the parallel-polarized transitions experimentally.

IV. CONCLUSIONS

In conclusion, our MBE-grown core/shell nanowires
reproducibly provide ultrathin wurtzite GaAs cores. Such
cores ease experiments in the 1D quantum limit [2–4,7,34],
given their large confinement energies of several tens of
millielectronvolts. We find excellent agreement between
polarization-resolved photoluminescence spectra and k ·
p-based simulations for the excitation of up to four well-
separated subband transitions. At the same time, while
it does not modify the 1D quantum confinement of the
GaAs core, we reveal a significant role of the thick-
ness of the (Al, Ga)As shell in polarization-resolved spec-
troscopy of our quantum wires. The resulting polarization
anisotropies will have to be integrated into spectroscopic
studies and optically driven applications of such 1D wires.

Our experiments and simulations show that for shells
below thicknesses around 200 nm, the dielectric mismatch
effect will significantly overlie the intrinsic electronic 1D
wurtzite selection rules. In practice, these thin-dielectric
wires allow us to actively suppress perpendicularly polar-
ized hh subband transitions and hence, at the same time,
open up a path to the selective excitation of 1D lh exci-
tons. Comparatively large shell thicknesses above 200 nm
are required to observe the polarization behavior predicted
by the electronic selection rules for up to four 1D subband
excitations. Given the combination of large confinement
energies provided by the ultrathin GaAs cores and the opti-
cal cavities, which can be designed via diameter control of
the (Al, Ga)As shell, such thick-dielectric-diameter wires
may be excellent candidates for the development of thresh-
oldless quantum wire lasers. Our results provide insights
into the design of such lasers; for example, in optimiz-
ing the overlap between the targeted electronic subband
transition and the photonic cavity mode.
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