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Spin-dependent analysis of homogeneous and inhomogeneous exciton decoherence in magnetic fields
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This paper discusses the combined effects of optical excitation power, interface roughness, lattice temperature,
and applied magnetic fields on the spin coherence of excitonic states in GaAs/AlGaAs multiple quantum wells.
For low optical powers, at lattice temperatures between 4 and 50 K, the scattering with acoustic phonons and
short-range interactions appear as the main decoherence mechanisms. Statistical fluctuations of the band gap,
however, become also relevant in this regime and we were able to deconvolute them from the decoherence
contributions. The circularly polarized magneto-photoluminescence unveils a nonmonotonic tuning of the
coherence for one of the spin components at low magnetic fields. This effect has been ascribed to the competition
between short-range interactions and spin-flip scattering, modulated by the momentum relaxation time.
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I. INTRODUCTION

Electronic spin in semiconductors has become a potential
building block for applications in spintronics and quan-
tum information technologies [1,2]. This has been studied
in a variety of semiconductor platforms ranging from the
traditional III-V and II-VI groups to monolayers of transition-
metal dichalcogenides [3–6] and significant efforts have been
devoted to controlling and increasing the spin coherence
time [7–9].

Under a nonresonant optical excitation regime, photogen-
erated spin carriers subsequently lose energy by scattering
processes followed by exciton radiative recombination. This
photoluminescence (PL) is mediated by decoherence mecha-
nisms that broaden the exciton linewidth, providing informa-
tion on the time scale in which the exciton can be coherently
manipulated [10]. Under an external applied magnetic field,
the additional confinement in the xy plane can tune the scat-
tering processes, also increasing the exciton spin relaxation
time [11] that could lead to spontaneous coherence [12–15].
Therefore, there is an active search for understanding how and
under which conditions different decoherence mechanisms of
excitons are triggered. To answer these questions we inves-
tigated the relaxation process of excitons and the effect of
external magnetic fields on the tuning of the spin coherence
in quantum wells (QWs). By reducing the lattice temperature
and for low excitation powers, the presence of band-gap fluc-
tuations stabilizes the carriers effective temperature at values
higher than the lattice temperature. By applying a magnetic
field in this regime, the exciton spin coherence can be tuned.
In this case, the combination of short-range interactions and
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spin-flip scattering is the leading mechanism as supported by
our simulations.

II. SAMPLE AND EXPERIMENTAL SETUP

A multiple QW heterostructure was grown via molecular-
beam epitaxy on an undoped GaAs(100) substrate, con-
sisting of 20 QWs with individual width of 55 Å and
Al0.36Ga0.64As barriers with individual thickness of ∼300Å—
thick enough to avoid carrier tunneling between consecutive
wells. Continuous-wave PL measurements were performed at
temperatures ranging from 3.6 K up to 80 K by means of a
confocal microscope with samples placed inside a magneto-
optical cryostat (Attocube/Attodry 1000). Magnetic fields up
to 6 T were applied at cryogenic temperatures. A linear po-
larized diode laser (PicoQuant LDH Series) was used as an
excitation source (λ = 730 nm) focused on a spot diameter
of ∼1 μm. A set of polarizers was used in order to identify
the correspondent sigma plus (σ+) and minus (σ−) optical
component emissions from the sample, which were magnified
into a ∼50-μm optical fiber acting as a pinhole, dispersed by
a 75-cm spectrometer (Andor/Shamrock), and detected by a
Silicon charge-coupled device (Andor/Idus).

III. RESULTS AND DISCUSSION

The PL spectra at a lattice temperature of TL = 3.6 K are
presented in Fig. 1(a) for various laser power densities. Here,
the main electron-heavy hole emission peak at 1.615 eV,
labeled as e-hh, corresponds to the 1s ground-state recom-
bination [16]. At high laser power densities an emission at
1.625 eV, labeled as e-hh1, is ascribed to the 2s exciton
state [16,17].

Within the parabolic band approximation, the intensity of
the PL signal L in quantum wells can be calculated as being
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FIG. 1. (a) PL spectra emission for different laser (h̄ωl =
1.69 eV) power densities at a lattice temperature of 3.6 K. (b) Inverse
of the effective temperature obtained from the e-hh spectral tail
versus the normalized photon flux density F̃ at lattice temperatures
of 3.6 and 10 K. Solid lines simulate the effective temperature varia-
tion produced by LO-phonon scattering, F ∝ exp [−h̄ωLO/(kBTeff )].
(c) PL spectra for different lattice temperatures at a constant laser
power density of 60 W/cm2. The high-energy side of the e-hh and e-
hh1 emissions were fitted using Boltzmann functions (dashed lines).
(d) Effective temperature obtained from the e-hh and e-hh1 spectral
tails as a function of the lattice temperature. Solid line represents the
case of carriers thermalization with the lattice (Teff = TL).

proportional to [18]:

L ∝ 〈uh| ε · p |ue〉2 D(h̄ω, Te, Th), (1)

where 〈uh| ε · p |ue〉2 is the dipole matrix element and

D(h̄ω, Te, Th) = mr

π h̄2 f FD
μe

(
Eg + E e

1 + mr

me
E, Te

)
,

× f FD
−μh

(
Eh

1 + mr

mh
E, Th

)
H (E ), (2)

being h̄ω the emitted photon energy and f FD
μi

(E , T ) the Fermi-
Dirac distribution function for electron and hole subsystems
(i =e,h) with effective temperatures Te and Th, and chemical
potentials μe and −μh, respectively. These chemical poten-
tials are measured from the valence band top. The reduced
mass is mr = memh/(me + mh), H (E ) is the Heaviside step
function, and E = h̄ω − (Eg + E e

1 + Eh
1 ) with Eg as the band-

gap energy and Ee(h)
1 the energy of the ground state for

electrons (holes).

In the high-energy side of the emission spectra, the Fermi-
Dirac distribution can be approximated to a Boltzmann-like
function,

f FD
μ (E , T )| E−μ

kBT �1 = f B(E , T ) = exp
(
−E − μ

kBT

)
, (3)

and the quality of this approximation can be assessed using
as reference the relative reduction of the distribution function,
independently on the position of the chemical potential. It can
be readily demonstrated that the condition,

f B(E , T ) − f FD
μ (E , T )

f FD
μ (E , T )

100% < 10%, (4)

is attained once f FD
μ (E , T ) < 1/11. Thus, the relative reduc-

tion of at least one order of magnitude below the degenerate
condition, where f FD

μ (E , T ) = 1, already guarantees staying
below 10% discrepancy of the Boltzmann approximation with
respect to the Fermi-Dirac distribution. Under this approxima-
tion, Eq. (2) transforms into

D(h̄ω, Te, Th) = mr

π h̄2 exp

(
−Eg + E e

1 + mr
me
E − μe

kBTe

)
,

× exp

(
−Eh

1 + mr
mh
E + μh

kBTh

)
H (E ), (5)

and so the intensity becomes proportional to

L(h̄ω) ∝ exp

(
− h̄ω

kBTeff

)
, (6)

with (Teff )−1 ≡ mr[(meTe)−1 + (mhTh)−1] as the e-h pair ef-
fective temperature. A discussion about the nature Teff and
the sources that contribute to it can be found in Ref. [19].
Although this picture points, a priori, to the possibility of the
electron and hole subsystems not being mutually thermalized
[18,19], there is no reason to assume that in this case, so
Te = Th = Teff.

Following the above-presented approximation, the e-hh
high-energy spectral tail in Fig. 1(a) (black dashed lines)
can be described by a Boltzmann distribution function, as
indicated by Eq. (6). The value of 1/Teff extracted from
the high-energy tail of the e-hh emission is presented in
Fig. 1(b) as a function of the photon flux density defined
as F = P/(h̄ωl ), with P being the laser power density and
h̄ωl the laser energy [20]. In Fig. 1(b), the flux density has
been normalized to the maximum value of the experimen-
tal range, F̃ = F/Fmax for two different lattice temperatures.
When the longitudinal optical (LO-)phonon scattering is the
most efficient energy relaxation process, the relation F ∝
exp [−h̄ωLO/(kBTeff )] is expected, with h̄ωLO = 36.5 meV
being the LO-phonon energy in GaAs [20]. This is depicted
in Fig. 1(b) by solid lines, in good agreement with the ex-
perimental data at high incident photon fluxes (F̃ > 10−3). At
low optical power densities the effective temperature deviates
from this trend, stabilizing at a constant value of 17 K for
TL = 3.6 K, and 19 K for TL = 10 K. This points to a con-
striction of the LO-phonon scattering, enhancing the relative
contribution of the carrier-carrier interaction which stabilizes
the effective temperature [21]. As demonstrated below, this
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FIG. 2. (a) PL peak energy Ep as a function of temperature for laser power densities of 2 × 104W/cm2 and 60 W/cm2. Solid curves represent
the simulations based on Eq. (7). Temperature dependence of

√
�EpkBTL � σ

√
1 − β for (b) P = 2 × 104W/cm2 and (c) P = 60 W/cm2.

Simulations (solid blue lines) were obtained by using steplike functions for σ (dashed line) and (1 − β )1/2 (dotted line). (d) Schematic
representation of the characteristic lengths of the band-gap fluctuations, λμ and λg, as compared with the excitonic radius, rexc. (e) Temperature
dependence of the λμ/λg ratio calculated from the β obtained in (b) and (c).

constriction is triggered in the regime where the energy band-
gap fluctuations caused by roughness at the GaAs/AlGaAs
interfaces [22] play a dominant role [23].

The PL spectra obtained with a laser power density of
60 W/cm2 are shown in Fig. 1(c) varying TL. In this case,
the e-hh1 emission is well resolved and Teff is displayed in
Fig. 1(d) for both e-hh and the e-hh1 tails as a function of
TL. The condition of perfect thermalization with the lattice,
Teff = TL, is also represented. The excited states show higher
temperatures than the ground state and by increasing TL a
more efficient thermalization with the lattice is observed.
We should note that for temperatures above 25 K, the e-hh
tail exhibits a shoulder around 1.620 eV that hampers the
extraction of reliable values of Teff. The stabilization of the
effective temperature at lower lattice temperatures indicates a
constriction of phonon-mediated relaxation that impedes the
thermalization with the lattice.

A. Interface roughness effect

For assessing the relative role of different decoherence
mechanisms, the full width at half maximum (FWHM) of the
emission lines can be examined. Although the coherence loss
by time-irreversible processes can be mapped by analyzing
how the FWHM changes with temperature and external fields,
this parameter is also affected by statistical fluctuations of the
spatial variation of the light sources (excitons in this case).
So the role played by the statistics of the interface roughness
must be determined.

In order to assess this effect, the lattice temperature de-
pendence of the e-hh peak position Ep has been displayed in
Fig. 2(a) for two laser power densities along with simulations

using the expression [24],

Ep(TL) = Eg − α


2

[
p

√
1 +

(
2TL




)p

− 1

]
+ E e

1 + Eh
1 , (7)

where Eg = 1.519 eV is the GaAs energy band gap at TL =
0 K, and E e

1 + Eh
1 = 98 meV is the extra energy given by

the QW confinement, α = 5.405 × 10−4 eV/K, [25] 
 ≡
h̄ωLO/kB with h̄ωLO = 36 meV for GaAs, while p = 2.5 for
60 W/cm2 and p = 2.45 for 2 × 104W/cm2. Here, p is a pa-
rameter related to the shape of the electron-phonon spectral
function [24,26]. The deviation �Ep of the theoretical expec-
tations and the experiment, is produced by local band-gap
fluctuations provoked by interface roughness [26]. At low
temperatures, excitons can be trapped into these fluctuations
and, by increasing TL, they progressively diffuse and recom-
bine radiatively from higher energy states [27]. By increasing
the laser power density [26] the band-gap fluctuations are
effectively screened reducing �Ep, as confirmed in Figs. 2(a),
2(b) and 2(c). These effects can be analyzed by using the
model reported in Ref. [28], which describes the emission
intensity as a function of the photon energy E , as

φ(E ) = erfc

(
Eg − E + βσ 2/kBTL√

2σ

)
E2,

× exp

(
−E − μ0 − βEg

kBTL
+ β2σ 2

2(kBTL)2

)
, (8)

where σ is the standard deviation of the local band-gap
fluctuations [26,29], and β = [1 + (λμ/λg)2]−1/2 ∈ (0, 1] de-
pends on the ratio of the characteristic length of the carriers
transport λμ with respect to the correlation length scale
of the fluctuations λg, and ponders the trapping efficiency:
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FIG. 3. (a) FWHM as a function of the lattice temperature for
the e-hh emission and P = 60 W/cm2(dots). The simulated FWHM
considering homogeneous and inhomogeneous contributions is also
displayed (orange line). The σ (TL ) function used for the simulation
has been plotted in the inset. (b) Simulated PL spectra with the same
σ and β for TL = 4 K (blue line) and TL = 10 K (red line), obtained
using Eq. (8) and Gaussian functions (dashed lines) according to
Eq. (9).

β → 0, small-scale fluctuations (inefficient trapping) and β =
1, large-scale fluctuations (efficient trapping). This has been
schematically represented in Fig. 2(d).

For relatively large arguments of the complementary error
function, erfc(ξ ) ≈ exp(−ξ 2)/

√
πξ [30], and the intensity

becomes proportional to

φ(E ) ∝ exp

(
−Eg − σ 2

kBTL
(1 − β ) − E

2σ 2

)
. (9)

Thus, at low temperatures, its contribution to the FWHM is
determined by the standard deviation of the gap fluctuations as
Wσ = 2

√
2 ln 2σ , while �Ep can be approximated as

�Ep(TL) � σ 2

kBTL
(1 − β ). (10)

After extracting the difference between Eq. (7) and the ex-
perimental data, the value of

√
�Ep(TL)kBTL = σ

√
1 − β has

been displayed in Figs. 2(b) and 2(c) for P = 2 × 104 W/cm2

and P = 60 W/cm2, respectively, showing a nonmonotonic
behavior between 4 and 50 K. The corresponding experi-
mental values of FWHM have been obtained by a Gaussian
fitting of the e-hh emission as a function of TL for the case of
P = 60 W/cm2 and displayed in Fig. 3(a). In this case a bump
appears in the temperature range where the gap fluctuation
effects are more evident. Since both power and tempera-
ture affect the way the fluctuations are screened, they can
also tune the effective values of σ and β. Increasing power
and/or temperature provokes an apparent homogenization of

the fluctuations (through screening), reducing σ while favor-
ing exciton diffusion that translates into a β decrease. By
assuming σ and β as soft steplike functions with maximal σ

and β for TL → 0, then σ (dashed lines) decreases by increas-
ing TL while

√
1 − β (dotted lines) grows, as illustrated in

Figs. 2(b) and 2(c). The product σ
√

1 − β is also represented
(blue solid line) reproducing the nonmonotonic behavior of√

�Ep(TL)kBTL up to temperatures between 40 and 50 K. The
function used to emulate β dependence on temperature has
been the same in Figs. 2(b) and 2(c) and this allows extracting
the expected ratio λμ/λg that was depicted in Fig. 2(e). This
suggests an increased detrapping as the temperature grows.

In the case of the FWHM, displayed in Fig. 3(a), the
analysis of the temperature modulation must also include
the tuning of the homogeneous lifetime broadening. Thus,
assuming the homogeneous broadening as a Lorentzian width
Wh, and the inhomogeneous fluctuations characterized by
a Gaussian width, Wσ = 2

√
2 ln 2σ , their relative contri-

bution to the FWHM can be approximated as a Voigt
convolution [31,32],

FWHM = WH

2
+

√
W 2

H

4
+ W 2

σ . (11)

The homogeneous broadening can be simulated by con-
sidering different independent and additive mechanisms [23]
that, for low temperatures, can be reduced to two,

WH = 0 + LA, (12)

where 0 represents the intrinsic two-dimensional excitonic
linewidth, associated with exciton-exciton and defects scat-
tering [21,23], and LA = 2γαTL arises from LA-phonon
scattering. Using the function σ displayed in the inset of
Fig. 3(a), the best simulation of FWHM at low temperatures
was obtained with 0 = 1.0 meV and γα = 0.045 meV/K, as
displayed in Fig. 3(a). Note that the simulation and the exper-
imental values disagree for higher temperatures. As displayed
in Fig. 3(b), by comparing the results using Eq. (8) and the
approximation of Eq. (9), this latter does not account for the
whole characterization of the spectral width modulation with
temperature. A small but discernible modulation, for constant
σ , already occurs at low TL. As predicted in Ref. [33], the
LO-phonon scattering and ionized impurities interaction do
not significantly contribute to the broadening of the linewidth
within the temperature range analyzed. For TL < 40 K, band-
gap fluctuations broadening dominates and responds for the
observed bump that can be ascribed to their effective homog-
enization as σ decreases with TL.

B. Magnetic fields effects

At cryogenic temperatures, phonon-assisted decoherence
mechanisms are constricted. This opens the opportunity for
studying the scattering processes in the presence of magnetic
fields that tune the exciton size [34–36] and the exciton spin
relaxation [11,37] allowing for additional modulation of the
exciton coherence. Figures 4(a) and 4(b) display, respectively,
the integrated intensity and FWHM of the e-hh σ+ and σ−
optical components at TL = 3.6 K, for P = 60 W/cm2 (top
panels) and P = 6 × 102 W/cm2 (bottom panels).
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FIG. 4. Magnetic field dependence of (a) integrated intensity,
and (b) FWHM of the e-hh emission at TL = 3.6 K, obtained with
P = 60 W/cm2 (top panels) and P = 6 × 102 W/cm2 (bottom pan-
els). Solid and open circles represent the responses measured from
σ− and σ+ optical component emissions, respectively. The inset in
(a) shows the integrated intensity observed at TL = 20 K.

The σ+ component presents a monotonic dependence with
magnetic field for both optical properties in Fig. 4. By increas-
ing the magnetic field, the σ+ exciton population diminishes,
as shown in Fig. 4(a), whereas the FWHM increases in
Fig. 4(b). This FWHM increment is expected from the short-
range interaction model, according to which,  ∝ √

B [38].
In contrast, the σ− component in Fig. 4 exhibits a peak re-
sponse in the integrated intensity and a dip in the FWHM
near B = 1.8 T. The peak in the σ− exciton population dis-
appears for TL � 20 K, as displayed by the inset in Fig. 4(a)
for P = 60 W/cm2.

The applied magnetic field induces the in-plane confine-
ment of excitons, which leads to a shrinkage of the excitonic
wave function and reduces the overlap with larger in-plane
disorders as represented schematically in Figs. 5(a) and 5(b)
for B = 0 T and B = 0 T, respectively. The fluctuations length
scale at the interfaces can reach widths of up to 300 Å and
depths up to 2.8 Å [22], while the excitonic Bohr radius in
bulk GaAs ranges from 160 to 92 Å for magnetic fields be-
tween zero and 10 T [39,40]. Some studies have described
the modulation of the linewidth as an inhomogeneous effect
where interface fluctuations of two contrasting scales are av-
eraged over the shrinking exciton radius [35,41]. Although
plausible, they cannot explain the spin modulation resolved
in our experiments once the magnetic field modulation of
the spin-resolved homogeneous contribution has been over-
looked.

In 1991, by assuming that fluctuations caused by disorder
are the dominant contribution to the line broadening, Mena
et al. reported a model in Ref. [42] that extended previous
theories in the absence of magnetic fields [43–46] to the

FIG. 5. Illustration of the potential fluctuations caused by rough-
ness along with the GaAs/AlGaAs interfaces and an electron-hole
pair confined in the QW with ellipsoids symbolizing the exciton size
at (a) B = 0 and (b) B = 0. (c) Representation of the spin relaxation
dynamics and the optical recombination selection rules in the pres-
ence of a magnetic field.

magnetic field modulation. They ultimately concluded that the
application of the magnetic field would enhance the value of
the linewidth as the exciton radius is reduced and the disorder
averaging shrinks [this is represented in Figs. 5(a) and 5(b)].
However, this has been ever since in contradiction with early
measurements [47,48] and with the experimental observation
of Ref. [35] where the linewidth decreases as a function of
the magnetic field for 5–10 nm QWs. Although no modeling
was provided to reproduce the observations in Refs. [47,48],
they do not preclude the homogeneous broadening tuning
with the magnetic field of affecting the FWHM. In 1995,
Aksenov et al. reported in Ref. [34], an attempt to deconvolute
the homogeneous from the inhomogeneous contribution to
the nonmonotonic magnetic-field modulation of the FWHM,
observed in the PL emission of a GaAs QW. Here, the authors
concluded, based on a phenomenological model, that homo-
geneous effects could be dominant at lower fields.

We should note that the predictions of the theory presented
in Ref. [42] were used to explain the monotonic growth of the
FWHM with magnetic field finally observed in Ref. [49] (for
fields up to 12 T), and also in Ref. [50] (for fields up to 42 T).
Yet, these two papers neglect, a priori, any contribution of
homogeneous lifetime modulation at such high fields. Later,
in Ref. [35], a plausible mechanism for the inhomogeneous
linewidth modulation with magnetic field was introduced, by
considering the coexistence of two contrasting length scales.
According to that, it is expected that the inhomogeneous
linewidth, provoked by larger scale composition fluctuations,
decreases with magnetic field (at least for fields up to ∼15 T)
for 5–10 nm GaAs QWs, following the law,

σ (B) = σ0
1 − exp [−R(B)/rf]

1 − exp [−R0/rf]
, (13)

where R(B) and R0 are the excitonic radius with and without
magnetic field, respectively, rf is the effective radius of the
large-scale fluctuation in the plane of the QW, and σ0 is the
linewidth at zero magnetic fields. Here, R(B) can be estimated,

045414-5



V. LAURINDO, JR. et al. PHYSICAL REVIEW B 105, 045414 (2022)

according to Ref. [40] as

R(B) =
√

2R0{
1 + [

1 + 3
2

( e2R4
0B2

h̄2

)] 1
2
} 1

2

. (14)

Note that, as expected, this magnetic field modulation leads
to a monotonic decrease of σ (B) as the field grows, shrinking
R(B) independently on the spin polarization. In this case,
the exciton size shrinkage with magnetic field, represented
in Figs. 5(a) and 5(b), reduces the contact with larger length
fluctuating interfaces [35]. However, this is still in contra-
diction with the modulation of the FWHM with magnetic
field observed here, that points to the need for introducing
additional spin-dependent effects related to the homogeneous
contributions to the linewidth.

In order to account for the polarization resolved mod-
ulation of the FWHM, we must consider the electron and
hole spin splitting structure and the optical selection rules,
as represented in Fig. 5(c). Note, in this picture, that the
spin coherence has been assumed to be broken independently
in both the conduction and valence bands ground states at
rates determined by 1/T e

S and 1/T h
S , respectively. In the case

of uncoupled electron-hole pairs, we can approximate their
homogeneous lifetime broadening WH as the sum of each
component,

W ±
H = W ±

e + W ±
h , (15)

where the homogeneous broadening for each component can
be expressed as

W ±
i =

√
2

π
h̄ωi

c

h̄

τ i
p

+ i
0

1 + ( h̄ωi
L−h̄ωi

c

h̄/τ i
p

)2
η±

i , (16)

with h̄ωi
c = h̄eB/mic, h̄ωi

L = gih̄eB/2mic, and i =e (h) label-
ing electrons (holes) parameters; mi is the cyclotron effective
mass, gi the Landé factor, and τ i

p the momentum relaxation
time. The first term in Eq. (16) corresponds to the contribution
of short-range scattering [38] while the second term considers
the spin relaxation [37,51] inversely proportional to the spin-
flip time T i

S , represented in Fig. 5(c). The spin-flip rates are
weighted by the thermal factor η±

i = F (E±
i − E∓

i ) where

F (x) =
{

exp(− x
kBT ), x � 0

1, x < 0,
(17)

which considers the spin energy splitting and the g-factor sign.
Within this uncoupled electron-hole pair configuration, the
exciton dynamics can be simplified to

0 = P − n±W ±
H

2h̄
− n±

τ0
, (18)

where P is the electron-hole pair generation rate through il-
lumination, n± is the exciton density, and τ0 represents the
optical recombination time that leads to

n± = 2h̄P

2h̄ + τ0W
±

h

. (19)

TABLE I. Value of the parameters used in the proposed model.
Those extracted from the literature have their source cited.

Parameter 5.5 nm GaAs QW Bulk GaAs

me/m0 0.0760 [53] 0.0664 [54]
mh/m0 0.45 [55] (γ1 + γ2)−1 = 0.112 [54]
ge 0 [56] −0.44 [54]
gh 0.7 6.κ = 7.2 [54]
σ0 2.0 meV 2.0 meV
R0 10 nm 10 nm
e

0 0 0
h

0 1.0 meV 1.0 meV
h̄/τ e

p 0.16 meV 0.16 meV
h̄/τ h

p 0.4 meV 0.4 meV
τ0 250 ps [57] 250 ps

Thus, the degree of circular polarization (DCP), defined as
DCP = (n+ − n−)/(n+ + n−), becomes

DCP = W −
H − W +

H
4h̄
τ0

+ W −
H + W +

H

. (20)

For a quantitative analysis, the actual values of the g fac-
tors, effective masses, and the size of the lateral (in-plane)
localization of the lateral movement have been emulated
within the parabolic band approximation by using the effec-
tive mass Hamiltonian [52],

Hi
± = h̄2k2

2mi
+ a1ρ

2 ± 1

2
g∗

i μBB, (21)

for both electrons (e) and holes (h). Here, ρ2 = x2 + y2,
μB is the Bohr magneton, and k = −i∇ + Ae/h̄, with A =
B/(2ρ)φ̂). The parameter a1 defines the strength of the in-
plane confinement of the wave function within a site of an
effective radius r2

f = h̄/
√

2a1m0 and m0 is the bare electron
mass. The ground-state eigenenergy, in this case, is given
by [52]

Ei
± =

√
h̄4

mir4
f

+
(

h̄ωi
c

2

)2

± 1

2
g∗

i μBB. (22)

The experimental electron-hole pair energy peak modu-
lation with magnetic field, relative to the zero field value
has been displayed in Fig. 6(a) for σ+ (blue circles) and
σ− (red dots). The data have been compared to the theo-
retical electron-hole pair energy calculated from Eq. (22) as
E e

± + Eh
±. By using the reported electronic structure param-

eters for GaAs QWs detailed in Table I, we have been able
to confirm the values of the electron and hole g factors. This
allows assessing the size of the effective radius of the lateral
confinement site provoked by the interface fluctuations as
being rf = 5.5 nm, which has been used for the calculation
of the inhomogeneous broadening modulation with magnetic
field according to Eqs. (15) and (16), and displayed in the inset
of Fig. 6(b). The calculated energy peak obtained by using just
bulk GaAs band parameters (included in Table I) have also
been added in Fig. 6(a) as reference (dotted lines) pointing to
the relevance of considering the modulation of the effective
band parameters with confinement.
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FIG. 6. (a) Experimental peak position shift as a function of
the magnetic field strength for σ+ (blue circles) and σ− (red dots)
polarizations. (b) Calculated homogeneous broadening for both elec-
trons and holes as functions of the magnetic field. The inset shows
the inhomogeneous contribution. (c) Experimental degree of circular
polarization (green squares). (d) Experimental values of the FWHM
extracted from both circularly polarized emissions as functions of
the magnetic field. In all panels, the corresponding emulated values
using GaAs QW effective mass parameters are represented with
solid curves, whereas those corresponding to bulk GaAs values are
represented with dotted lines.

The corresponding values of the homogeneous width for
each of the spin components in both conduction and valence
bands have been displayed in Fig. 6(b). One should note that
given the negligible value of the electron g factor and the very
small cyclotron mass, the contribution of the electron spin re-
laxation term has been neglected and that is the reason why we
can assume e

0 = 0. The values of the rest of the parameters
were set so as to get a good agreement of the calculated DCP,
according to Eq. (20) with the measured values as displayed
in Fig. 6(c).

Once all the parameters are determined, the correspond-
ing FWHM for each spin component can be calculated by
introducing the homogeneous contribution from Eqs. (15)
and (16) along with the inhomogeneous term, defined by
Eqs. (13) and (14), into Eq. (11). A reasonable agreement has
been obtained with clear spin asymmetry of the linewidth in
Fig. 6(d). Despite the simplicity of the parabolic approxima-
tion for the electronic structure model with relevant valence
band effects, a nonmonotonic tuning of the FWHM with the
magnetic field has also been obtained. The contrast, displayed
in Fig. 6(d), of the expected result obtained by using bulk
parameters highlights the sensitivity of this response to the
band structure modulation with confinement and magnetic

field. Note that, besides the eigenenergies, none of the elec-
tronic structure parameters was assumed to be spin dependent.
That would lead to extra asymmetries of the homogeneous
life-time broadening. Thus, the dip in the FWHM observed for
the σ− component is a manifestation of increased coherence
with respect to σ+ determined by the shorter spin-flip rate
described by Eq. (16).

IV. CONCLUSIONS

A combined experimental and theoretical study was
used to investigate exciton decoherence mechanisms in
GaAs/AlGaAs multiple QWs. For temperatures below 40 K
and low optical power densities, the hot carrier relaxation
is affected by band-gap fluctuations produced by roughness
at the GaAs/AlGaAs interfaces. These fluctuations favor
carrier-carrier interactions that stabilize the effective tem-
perature. The PL linewidth was used to characterize the
exciton coherence. Both LA-phonon interaction and band-gap
fluctuations affect this parameter at cryogenic temperatures.
Our results demonstrate a strong modulation of these effects
with temperature and optical excitation power that allowed
the deconvolution of statistical contributions to the linewidth
from actual decoherence mechanisms. To further tune the
exciton coherence, a magnetic field was applied. At low op-
tical power densities and lattice temperatures, observations
with applied magnetic fields unveiled that spin-flip scattering
and short-range interactions become the main decoherence
factors responsible for the modulation of the excitonic spin
coherence. We were able to quantitatively evaluate the ho-
mogeneous and inhomogeneous contributions to the FWHM
dependence with magnetic field. Results show that the homo-
geneous broadening results from short-range interactions and
spin relaxation processes, while the inhomogeneous contribu-
tion depends on band-gap fluctuations. Although the latter is
responsible for almost 90% of the FWHM we have demon-
strated that it is the homogeneous fraction that induces the
spin asymmetry and most of the nonmonotonic modulation
with magnetic field.
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