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Magnetic field tuning of exciton-polaritons in a semiconductor microcavity
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We detail the influence of a magnetic field on exciton-polaritons inside a semiconductor microcavity. Magnetic
field can be used as a tuning parameter for exciton and photon resonances. We discuss the change of the exciton
energy, the oscillator strength, and redistribution of the polariton density along the dispersion curves due to the
magnetically induced detuning. We have observed that field-induced shrinkage of the exciton wave function has a
direct influence not only on the exciton oscillator strength, which is observed to increase with the magnetic field,
but also on the polariton linewidth. We discuss the effect of the Zeeman splitting on polaritons the magnitude
of which changes with the exciton Hopfield coefficient and can be modeled by independent coupling of the two
spin components of excitons with cavity photons.
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I. INTRODUCTION

Recent interest in exciton-polariton physics has focused
on quantum phenomena in these weakly interacting bosonic
gases. The large number of recently demonstrated effects
of exciton-polaritons in the nonlinear regime of exciton-
polariton interactions includes the observation of a Bose-
Einstein condensate or polariton lasing [1–4], the formation
of a superfluid state with zero viscosity [5], and their potential
use in polariton-based devices [6].

Even though the field is blooming recently, reaching matu-
rity, we notice that up to now only a few reports dealing with
the impact of an external magnetic field on exciton polaritons
are available [7–12]. In these studies the exciton and cavity
modes are tuned one with respect to the other by changing the
temperature, position on the sample or electric field to keep the
system on resonance when increasing the magnetic field. In our
study we do not use any additional external parameter, instead
imaging the full polariton dispersion and tracing the variation
of the polariton properties as a function of the magnetic field
for different wave vectors. This is particularly important from
the point of view of recent studies where the polariton coherent
states with high in-plane momenta were induced [5,13,14]. Our
work is a step before considering the polaritons in the quantum
fluid regime, where many spectacular effects as the Meissner
effect [15], Berry-phase interferometer [16], or transformation
of half-quantum vortices [17] were theoretically predicted
exploring the spinor nature of polaritons. Magnetic field
effects were investigated in the polariton condensate regime to
demonstrate the suppression of the Zeeman splitting [18,19]
and in structured cavities where the nonlinear threshold was
observed to depend on the magnetic field [20].

In this work, we focus on the effect of the magnetic field
on polaritons to demonstrate that even without appreciable
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nonlinear effects such as bosonic stimulation, the influence of
the magnetic field on polaritons is diverse already in the linear
regime. The magnetic field induces changes of the polariton
emission energy, intensity, and linewidth. The energy of polari-
ton states changes in magnetic field due to (i) the exciton en-
ergy shift, (ii) the modification of the exciton-photon coupling
strength (the Rabi splitting, via the exciton oscillator strength),
and (iii) the Zeeman splitting. The changes in the emission in-
tensity are caused by (iv) the magnetically modified scattering
process (thus thermalization) with acoustic phonons. In this
paper we discuss the potential of magnetic field as an exciton-
photon tuning parameter and address points (i) to (iv) in detail.

The paper is organized as follows. In Sec. II we give the
details of the experiment and present the sample structure. In
Sec. III we describe the effects of the polariton dispersion
modification and energy shift of polariton modes induced
by the magnetic field. We compare our experimental results
to a theoretical model of the exciton shift in the magnetic
field coupled to the photonic mode. This allows us to
draw conclusions about the change of the Rabi splitting in
magnetic field. In Sec. IV we evaluate the increase of the
exciton oscillator strength in the magnetic field. In Sec. V
we discuss the Zeeman splitting that depends on the wave
vector of polaritons and changes with the excitonic content
in the polariton state. Section VI describes the variation
of the polariton population and the effect of magnetically
induced bottleneck together with the experimentally observed
modification of the polariton emission linewidth.

II. EXCITON-POLARITON SYSTEM AND
EXPERIMENTAL DETAILS

Exciton-polaritons are eigenmodes of strongly coupled
photonic and excitonic resonances inside a semiconductor mi-
crocavity [21]. To confine the photonic mode we used a GaAs
lambda microcavity sandwiched between two AlAs/GaAs
distributed Bragg reflectors (DBR). In the maximum of
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FIG. 1. (Color online) Angularly resolved PL map of the exciton-polaritons at different values of magnetic field: 0, 5.0, 7.5, and 14 T for
the detuning close to zero at zero magnetic field (δ0 = −0.09 meV). Red dashed curves illustrate calculated LP and UP dispersions within the
simple model of Rabi coupled exciton (green) and photon (white) resonances. The spectra are not resolved in polarization. The energy splitting
of polariton states is not visible due to the small value of the polariton Zeeman splitting (see Sec. V).

the cavity field a single 8-nm-thick In0.04Ga0.96As quantum
well (QW) was placed, providing the excitonic component
of polaritons. Excitons confined inside the QW couple to
the photon modes with a coupling strength given by the
Rabi splitting, �. In the case of our sample, the excitonic
resonance was at approximately 1.484 eV and the vacuum
Rabi splitting was equal to approximately � = 3.5 meV at
zero magnetic field. The on-resonance polariton linewidth was
0.3 meV allowing for a clear resolution of polariton states.
Details on the sample structure can be found in Ref. [22].
The polariton population was created nonresonantly by a
continuous wave external laser tuned to the first high-energy
minimum of the Bragg reflectors observed in the reflectivity
spectra. In the experiments reported here, the excitation power
was low enough to maintain polaritons in the linear regime.
With increasing excitation power, we observe lasing on the
cavity mode before reaching the nonlinear polariton-polariton
interaction regime.

We used two different experimental setups. In the first setup,
the sample was placed in a magnetic field up to 5 T in a
Faraday configuration, at a cold finger of an optical cryostat
at the temperature of 5 K. The photoluminescence (PL) was
collected through a microscope objective of a high numerical
aperture (NA = 0.5). In the second setup, the sample was
placed in a liquid He bath in a superconducting cryostat
up to 14 T. The emission was collected through a high NA
simple planoconvex lens (NA = 0.63) and propagated in free
space to the entrance slits of a spectrometer. In both cases,
the PL was resolved angularly providing a direct measure of
the dispersion of polaritons (energy vs momentum) within the
same method as presented in Ref. [1], where the emission
angle θ is proportional to the polariton in-plane momentum.

We studied the polariton emission spectra with the magnetic
field up to 14 T for different exciton-phonon detunings. We
define the detuning as the energy difference between the
photon (Ec) and the exciton (Ex) bare resonances at zero

momentum and zero magnetic fieldas follows:

δ0(k‖,B) = Ec(0,0) − Ex(0,0) = δ0. (1)

The first panel in Fig. 1 illustrates an image of the angularly
resolved PL spectra at zero magnetic field. We observe both
the lower polariton (LP) and upper polariton (UP) dispersion
branches with a characteristic avoided crossing of the two
emissions.

The subsequent panels in Fig. 1 illustrate the PL spectra in
the magnetic field at 5, 7.5, and 14 T. The movie illustrating
the angularly resolved polariton emission from 0 to 14 T
is provided in the supplementary material [23]. We observe
that the magnetic field modifies the emission spectrum in
three main aspects: the energy shift, polariton population, and
linewidth. Below, we discuss in detail the observed effects.

III. MAGNETOPOLARITON ENERGY

Let us first focus on the change of the polariton emission
energy in the magnetic field. In Fig. 1 we directly observe
a global blue-shift of polariton states with increasing field
strength, with a magnitude that strongly depends on the
polariton wave vector. The energy shift of LP state at θ = 0◦
(k‖ = 0 μm−1) is smaller than at high angles (wave vectors)
resulting in a deep LP dispersion at high fields. The effect
caused by the change of LP and UP emission energies under
magnetic field is similar to the effect of the change of the
detuning towards more negative values.

This is expected because the magnetic field is acting mainly
on the excitonic component of polaritons. The photonic part
stays essentially unchanged and experimental evidence is
given later on in this section.

A polariton dispersion shape can be described by the model
of two coupled oscillators [21]. The coupling Hamitonian of
the two-level system in the basis of the uncoupled oscillators
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is given by

H =
(

Ex(B) ��/2
��/2 Ec(k‖)

)
, (2)

where � is the coupling strength. The dispersions of the LP
(E−) and UP (E+) polariton branches are therefore

E±(k‖,B) = Ec(k‖) + Ex(B)

2
± 1

2

√
δ2(k‖) + �2�2(B), (3)

where δ = Ec(k‖) − Ex(B), Ec(k‖) describes the photonic
dispersion due to the confinement of the photonic mode in
the microcavity

Ec(k‖) = �c

n

√
k2
z + k2

‖, (4)

and Ex(B) is the magnetoexciton energy and n is the (average)
cavity refractive index. We neglect here the exciton Zeeman
splitting. We present the results of the polarization-resolved
experiments and discuss the Zeeman effects in Sec. V. We
also neglect the exciton dispersion that has no effect on the
very narrow momentum space region studied here.

Dispersion curves, plotted in Fig. 1, are the result of the
fit of Eq. (3) to the experimental data. The fitting parameters
are the exciton energy Ex(B), the photon energy at zero in
plane momentum Ec(k‖ = 0), and the exciton-photon coupling
energy ��. The variation of � under magnetic field is
discussed in Sec. IV. The changes of exciton and photon
energies and the resulting detuning with magnetic field are
illustrated in Fig. 2. Indeed, we observe that the photon energy
does not change with magnetic field and the exciton energy
increases. The magnetic field changes the electron and hole
wave functions, leading to both (i) an exciton energy shift
and (ii) an increase of the exciton oscillator strength. The
increase of the exciton emission energy is due to the influence
of magnetic field on the electron-hole relative motion, resulting
in the diamagnetic shift of the exciton energy and quantization
of the conduction and valence bands into a series of Landau
levels, which is significant at high magnetic fields.

The blue-shift of the exciton energy in magnetic field
observed in our experiment agrees well with the typical
magnetoexciton behavior in QWs. This topic has been widely
studied theoretically and experimentally in both low- and
high-field regimes. Here we compare our results to the model
presented in Ref. [24] assuming that our excitons in narrow
QW are similar to the two-dimensional H atom, as well as with
a model that takes into account the dimension perpendicular
to the QW [25]. A good theoretical fit of Ref. [24] is
obtained for the exciton energy shift in magnetic field at
any field strength, as illustrated in Fig. 2(a). Based on this
model we could determine the exciton binding energy to be
approximately 7 meV and the exciton effective mass 0.046
m0. Both are reasonable values taking into account the mixed
alloy composition in our InGaAs QW.

The model, where the exciton energy and electron-hole
wave functions are calculated self-consistently by a variational
method, and the third dimension of the finite quantum well
is taken into account [25], provides an analytical expression
for Ex(B) that is reliable in a relatively large region of low
magnetic fields [see the solid line in Fig. 2(a)]. The agreement

FIG. 2. (Color online) (a) The energy change of a bare exciton
(blue) and photon (green) resonances induced by magnetic field,
deduced from the fit of Eq. (3) to the data from Fig. 1 together with the
result of the model for the exciton energy based on Ref. [24] and the
calculations presented in Ref. [25]. (b) The change of photon-exciton
detuning in magnetic field taken as the difference between bare photon
and exciton energies from (a) δ(B) = Ec − Ex(B).

between the two theoretical methods and the experimental
results is excellent in this region.

Focusing now on the detuning δ(B) = Ec − Ex(B), it
becomes more negative as the exciton energy Ex increases
with the field [Fig. 2(b)]. In other words, the magnetic field
induces a negative detuning. The detuning changes by 8 meV
from 0 to 14 T. It becomes linear above 8 T with a slope of
0.67 meV/T.

Equation (3) has another important consequence. Along
the dispersion the excitonic and photonic contents change, as
described by the Hopfield coefficients [26]. The polaritons on
the LP branch with zero wave vector are more photonic, and
those with high wave vectors are mostly excitonic. The more
excitonic is the polariton state, the faster is the observed energy
shift under magnetic field. We present cross sections of the
polariton emission from Fig. 1(a) for two different emission
angles: (θ = 0◦) in Fig. 3(a), and a large angle (θ = 20◦),
in Fig. 3(b), in magnetic fields up to 14T. We observe a
nonmonotonic behavior of both the LP and the UP energy.
The value of the energy shift scales directly with the excitonic
content in the polariton state [11,12].
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FIG. 3. (Color online) LP and UP polariton emission in magnetic
field at (a) low (θ = 0◦) and (b) high (θ = 20◦) emission angles
for data from Fig. 1. The white dashed lines correspond to the
cross-sections of Figs. 4(a) and 4(b) for LP and UP, respectively,
at corresponding angles (as marked in Fig. 4).

The values of the energy, the emission intensity, and the
linewidth of both polariton lines can be obtained directly
from the experiment. For each angularly resolved PL image
in the magnetic field (as presented in Fig. 1) and for each
emission angle we fitted a Lorentzian function describing the
line shape of the polariton emission. From such a fit we retrieve
directly the polariton energy, intensity, and linewidth. Figure 4
illustrates the change of the emission energy of LP and UP
under magnetic field for all emission angles. We observe a
global blue-shift in energy for all polariton states at the LP
and UP branches. The higher the emission angle, the faster
energy blue-shift for the LP is observed as the polaritons at
high emission angles are more excitonic. For polaritons at
high emission angles at the UP branch the blue-shift is less
pronounced as these states are mostly photon-like.

IV. EXCITON OSCILLATOR STRENGTH

The change of the exciton oscillator strength follows from
an increased electron and hole wave functions overlap imposed
by the magnetic field. The increase of the exciton oscillator
fosc strength is directly visible in our data by the change of the

FIG. 4. (Color online) (a) LP and (b) UP emission energy for all
emission angles and magnetic fields up to 14 T for data from Fig. 1.
The cross sections at θ = 0◦ and θ = 20◦ are illustrated in Fig. 3 for
LP and UP branches.

Rabi splitting � according to [27]

� ∼
√

Nfosc

Leff
, (5)

where N is the number of quantum wells and Leff the effective
cavity length; both are constant and depend on the sample
structure. The above relation is valid if the exciton and cavity
modes have the linewidths significantly narrower than the Rabi
splitting, which is the case here.

At negative detuning, Rabi splitting is given by the mini-
mum of energy separation between the UP and LP branches. To
obtain the value of Rabi splitting directly from the experiment,
we calculated the difference between the UP and LP energy
(maps in Fig. 3) for each magnetic field. Figure 5 illustrates this
difference. The minimum value on the map corresponds to the
Rabi splitting. It can be traced along the dashed lines plotted
in Fig. 5. The anticrossing position corresponds to a different
emission angle due to a change of the detuning induced by
the magnetic field. The Rabi splitting can also be obtained
following the fit of Eq. (3) to the data presented in Fig. 3. The
result is illustrated in Fig. 6. We observe a monotonic increase
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FIG. 5. (Color online) The difference between the UP and LP
emission energies for all emission angles and magnetic field up to
14 T. The minima on the map are marked by white dotted line and
correspond to the Rabi splitting.

of � from 3.4 to 4.8 meV at 14 T, in very good agreement with
Fig. 5.

According to Eq. (5), we have direct access to the exciton
oscillator strength fosc. The normalized value of fosc defined
as: fnorm = fosc(B)/fosc(0) is illustrated in Fig. 6(b). We

FIG. 6. (Color online) (a) Rabi splitting obtained directly from
the experiment as a minimum of the energy difference between UP
and LP branches (red and green), from the fit of Eq. (3) to the LP and
UP branches. (b) Normalized exciton oscillator strength calculated
from Eq. (5) for the experimentally determined � from (a) (red dots).

observe that fnorm increases by a factor of 2 up to 14 T. At
low field strength fnorm is almost constant as the Coulomb
energy dominates over cyclotron energy and the exciton
wave function is not perturbed. At higher field strengths, the
magnetic field quantization is strong enough to shrink the
exciton wave function and fnorm starts to increase rapidly. This
result is in perfect agreement with previously experimentally
observed and numerically calculated enhancement of the
exciton oscillator strength under magnetic field in various
types of the microcavity structures [7,8,10,11,28] and with
the calculations performed for the structure investigated here
presented in Ref. [29].

Let us now comment on the small wiggle observed in our
data between 1.5–1.8 T, well visible in Fig. 6. This effect
is caused by some additional resonance which disturbs the
shape of the polariton branches. This resonance is due to the
coupling of the cavity photon to the excited exciton state 2s.
This resonance occurs at high wave vectors and is not visible
directly in the experimental data presented here, but affects the
estimation of the energy of the 1s-exciton-polariton.

V. MAGNETOPOLARITON ZEEMAN SPLITTING

Due to the Zeeman splitting of exciton states, the magnetic
field imposes polarization of polariton states, manifested as a
change in the polarization of the detected light. In our model
the two spin components of excitons become decoupled and
therefore couple independently to photons of the correspond-
ing circular polarization. To introduce the excitonic Zeeman
effect in polariton states, we rewrite Eq. (3) for each spin com-
ponent. In the following, we will restrict our considerations to
the LP polariton branch (the calculations for the UP case are
analogous). Replacing Ex(B) by Ex,σ± (B) we get

Ex,σ± (B) = Ex(B) ± 1
2gμBB, (6)

where from now on ± corresponds to the spin-up and
spin-down components, in contrast to Eq. (3). We obtain the
LP branch energy

ELP,σ±(B) =Ec + Ex,σ± (B)

2

− 1

2

√
[Ec − Ex,σ± (B)]2 + �2�2(B). (7)

The Zeeman splitting of the LP is given by

EZ,LP (B) = ELP,σ+(B) − ELP,σ−(B), (8)

which gives a simple expression

EZ,LP (B) = 1
2gμBB + 1

2

√
δ2− + (��)2 − 1

2

√
δ2+ + (��)2,

(9)
where

δ± = Ec − Ex(B) ∓ 1
2gμBB (10)

is the effective detuning of the spin-up and spin-down
components.

In the limit of low magnetic field and small detuning |δ±| �
��, it is possible to obtain a simpler form of the LP Zeeman
splitting using the alternative expression for the eigenvalues of
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FIG. 7. (Color online) Angularly resolved photoluminescence map for σ+ polarization of the exciton-polaritons at different values of
magnetic field: 0, 5.0, 7.5, and 14 T. Similarly to Fig. 1, red dashed curves illustrate calculated LP and UP dispersions within the model of
coupled exciton (green) and photon (white) resonances via the Rabi splitting. The Zeeman splitting is introduced in the model by the Eq. (6).

the Hamiltonian (2)

ELP,σ± = X 2
σ±Ex,σ± + C2

σ±Ec − Xσ±Cσ±��, (11)

where Xσ±,Cσ± are the polariton Hopfield coefficients (de-
termining the excitonic and photonic content) [26], with
X 2

σ± = {1 + [1 + (��/δ±)2]−1/2}/2 and X 2
σ± + C2

σ± = 1. The
LP Zeeman splitting can be now written as

Ez,LP = X 2gμBB + O(|δ±|/��), (12)

i.e., the polariton Zeeman splitting is approximately equal to
the bare exciton splitting times the excitonic content. This
formula is particularly useful in the low magnetic field limit,
but fails in the strong field regime, where the detunings δ±
become large and negative.

In the regime where the detunings are large with respect to
the Rabi splitting |δ±|/�� � 1, we can expand the right-hand
side of Eq. (9) in a Taylor series to obtain

EZ,LP ≈ gμBB
�

2�2

4δ+δ−
. (13)

In the case of the strongest fields attained in the experiment
(10–14 T), the theoretical and experimental data are well
described with simple formulas δ± ≈ C0 + (C1 ± 1

2gμB)B,
and � ≈ �0, where C0,C1, and �0 are constants. Interestingly,
the LP Zeeman splitting decreases with the magnetic field
strength in the strong field regime.

Experimentally, we resolve the polariton emission in
circular polarizations, σ+ and σ−. Figure 7 illustrates the
experimental dispersion curves for one polarization (σ+). The
data in σ− polarization are the same in this scale as the Zeeman
splitting is very small. The data in Fig. 7 are purposely taken
for positive detuning on the sample δ0 =+1.4 meV because the
excitonic effects are more pronounced, even at high magnetic
fields.

Further on, we perform the same data analysis with a
Lorentzian fit to all spectra at a given wave vector and for all
magnetic field values, from which we retrieve the emission

energy for LP and UP for both polarizations. The energy
difference for an LP branch between σ+ and σ− emissions
is illustrated in Fig. 8(a) and can be compared directly to our
calculations based on Eq. (9) in Fig. 8(b).

We observe that the value of polariton Zeeman splitting
depends directly on the excitonic content in the polariton
state. The more the state is excitonic, the larger is the
splitting with the highest value for a pure exciton state. In
particular, the polariton Zeeman splitting at θ = 0◦ for LP
can be smaller at 14 T (80 μeV) than at 5.5 T (175 μeV).
As the results plotted here are for positive exciton-photon
detuning at B = 0 T, the LP is mostly excitonic-type along
the whole dispersion up to 5 T. At 5 T we retrieve the zero
detuning case with equal exciton and photon components in
the polariton state. At higher field strengths, the photonic
component in the LP branch start to dominate for low emission
angles. For θ = 0◦, above 5 T we observe the decrease of the
polariton Zeeman splitting, in accordance with our theoretical
analysis.

In our theoretical calculations [Fig. 8(b)] we use the values
of Ex(B) evaluated in Sec. III with the g factor as the only
fitting parameter. The cross sections of the LP Zeeman splitting
maps from Fig. 8 at two emission angles are illustrated in
Fig. 9. We obtained the best fit for g = 1.35, which is in
a good agreement with the exciton’s g factor in 8-nm-thick
Ga1−xInxAs QW with the In content of x = 0.04 reported in
the literature [30,31].

VI. MAGNETOPOLARITON INTENSITY
AND LINEWIDTH

The photoluminescence experiment gives us the access
not only to the emission energy, but also to the intensity
and linewidth of the emitted light. The intensity is directly
proportional to the number of polaritons occupying a state of
given energy and in plane momentum [27]. The distribution of
the polariton population along the dispersion curve is a result of
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FIG. 8. (Color online) Polariton Zeeman splitting of LP branch for all emission angles and magnetic field up to 14 T for positive exciton-
photon detuning [see Fig. 1(b)]. (a) Experimental results and (b) model according to Eq. (9).

an interplay between the relaxation, polariton-acoustic phonon
interaction, and thermalization. In Figs. 10 and 11 we present
the results obtained directly from the Lorentzian fit to the
experimental data of the polariton intensity and linewidth,
respectively.

Upon increasing magnetic field we observe both the total
PL intensity decrease and the accumulation of polaritons at
the bottleneck at LP branch. The bottleneck effect is expected
as the magnetic field induces negative detuning. The detuning
δ0, defined by Eq. (1), for each magnetic field strength is
marked directly in the figures on the top axis. At high field
strengths the population at the bottleneck decreases due to the
reduced scattering between excitons and acoustic phonons as
the polaritons becomes more photon-like. Apart from the high
intensity at the bottleneck region (i.e., at high emission angles)
we observe a surprisingly strong population of polaritons at
the bottom of LP branch at θ = 0◦. The intensity at the bottom

FIG. 9. (Color online) Comparison between experimental results
(blue curve) and theoretical calculations (green curve) of LP Zeeman
splitting for zero (θ = 0◦) and high emission angle (θ = 15◦) as
marked in the figure.

of LP branch and at the bottleneck region are compared in
Fig. 12. The intensity at the bottom of LP branch dominates
over the intensity at the bottleneck.

This effect suggests an increased scattering process induced
by the magnetic field that can transform polaritons directly
to the LP ground state. In fact, the magnetic field shifts the
excitonic levels in the quantum well, but also the energy of
the QW barrier material, the GaAs. The energy difference
between the bottom of LP branch and the barrier excitons with
increasing magnetic filed approaches 36 meV, where it matches
exactly the LO phonon in GaAs. The tail of the Boltzmann
distribution of exciton population in GaAs can be therefore
captured through optical phonons emission. The relaxation
process with optical phonons is 100 times more effective than
with acoustic phonons. Therefore, in the magnetic field we
observe both effects: high population at LP ground state (due
to the increasing LO-phonon scattering) and at the bottleneck
(due to decreasing LA-phonon scattering).

At very high field strengths we expect also the modification
of the exciton dispersion in the region of high wave vectors,
above 100 μm−1 (not accessible in our experiment). The
exciton dispersion becomes flat at high wave vectors [32]. The
magnetic field therefore strongly modifies also the excitonic
reservoir, where the exciton effective mass increases.

The variations of LP and UP polariton linewidths in a
function of the magnetic field are illustrated in Fig. 11. The data
presented here are only for the σ+ polarization to eliminate the
broadening effects due to the Zeeman splitting (very similar
results are obtained for the σ− polarization). At low magnetic
field strength and at low emission angles the predominantly
excitonic LP branch has a linewidth of approximately 0.1 meV
and the value decreases to 0.087 meV at 14 T, when the states
becomes cavity-like. This situation is reversed for the UP
branch. At low magnetic field and low emission angles the
line is narrow (approximately 0.13 meV) as the state is mostly
photonic. The line broadens up to 0.8 meV at 14 T, when the
state becomes mostly excitonic. The emission linewidth for
polariton states with larger photonic content is indeed usually
narrower than that of the predominantly excitonic state as
previously reported in Ref. [33]. The zero-detuning angle in
each magnetic field is marked directly in Fig. 11 with the white
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FIG. 10. (Color online) The change of (a) LP and (b) UP intensity in magnetic field. Equation (1) describes the top axis.

dashed line and corresponds to the resonant situation where the
linewidth of LP and UP are expected to be equal. We observe
smaller emission linewidth for the LP polariton, which was
often observed previously [34].

FIG. 11. (Color online) The change of (a) LP and (b) UP emis-
sion linewidth in magnetic field. The white dashed line marks the
angle of zero detuning, where the Rabi splitting is determined. The
top axis is given by Eq. (1).

Figure 13 shows the cross sections of the map illustrating
the linewidth of LP and UP (Fig. 11) along the minimum
energy of polariton branches (corresponding to zero emission
angle) and along the zero detuning angle (white dashed lines
in Fig. 11). The zero detuning angle represents the resonant
situation where the LP and UP are equally exciton- and
photon-like. At each magnetic field its value is different
due to the change of the global detuning δ0. The observed
general tendency is the increase of polariton linewidth in a
magnetic field, even in the anticrossing points where both
branches share the same excitonic and photonic components
(red curves in Fig. 12). The increase of the polariton linewidth
is even more pronounced for UP traced along a zero emission
angle (kII = 0, black-dashed curve in Fig. 12), as this state
becomes more excitonic-like upon increasing field strength.
The magnetic field imposes an additional in-plane confining
potential to excitons and shrinks the electron and hole wave
functions.

As we directly probe the linewidth in k space, the field-
induced linewidth broadening corresponds exactly to the wave-
function shrinkage in real space. The exciton relative motion
wave function, responsible for the polariton linewidth [35],

FIG. 12. (Color online) LP branch intensity at the bottom of the
dispersion curve (minimum energy) and at the bottleneck region in
magnetic field.
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FIG. 13. (Color online) LP (solid line) and UP (dashed line)
linewidth along at the zero detuning angle (black color), where both
branches are equally photonic and excitonic, and at the zero emission
angle corresponding to the branch minimum energy (red color) in
magnetic field. The zero detuning angle is shown by the white dashed
dotted line in Fig. 11. The increase in UP linewidth at approximately
1.5 T is due to an additional resonance from excited 2sHH exciton
state coupled to cavity photon which perturbs the line shape of UP.

becomes more sensitive to the disorder potential and the
number of available collision states increases, which was also
observed in Ref. [10]. This is a reversed process to a motional
narrowing effect [11,36], or equivalently, the motional narrow-
ing process becomes less pronounced. As the field increases,
the statistical averaging over the disorder potential is less
effective and the polariton line broadens. The linewidths of
polariton states that become more and more photon-like (black
solid curve in Fig. 12) slightly decrease in the magnetic field
as the photonic function is not perturbed by the magnetic field.
Such a situation is not observed when the cavity photon is in
resonance with high-energy exciton-continuum states. In the
magnetic field the continuum states are quantized in Landau
levels and the cavity linewidth narrowing is observed due to the
transition form the two-to-zero-dimensional electronic density
of states [9,37].

VII. SUMMARY

We studied the effect of perpendicularly applied external
magnetic field on the photoluminescence spectra of exciton-
polaritons in a semiconductor microcavity. The design of
the optical setup allowed us to probe the angularly resolved
emission giving access to the full polariton dispersion (energy:
k-space dependence). The change of lower and upper polariton
dispersion was observed in magnetic field up to 14 T. At
each magnetic field strength we were able to trace the
polaritons at zero exciton-photon detuning with no change
of the position on the sample, temperature, or any other
external parameter. We have shown a strong modification of
the polariton energy, population, and linewidth induced by
the external magnetic field. The excitonic resonance can be
tuned up to 8 meV across the photon mode and the exciton
oscillator strength increases by a factor of 2 up to 14 T,
which directly influences the increase in the Rabi splitting. The
observed Zeeman splitting of polariton states can be very well
modeled by taking into account the independent coupling of
two exciton spin components with cavity photon polarizations.
The modification of polariton intensity and linewidth are well
described by taking into account the influence of external
magnetic field on the exciton dispersion and in-plane relative
motion, while the photonic resonance is not influenced by the
magnetic field.
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[34] R. Houdré, Phys. Stat. Sol. (b) 242, 2167 (2005).
[35] C. Ell, J. Prineas, T. R. Nelson, Jr., S. Park, H. M. Gibbs, G.

Khitrova, S. W. Koch, and R. Houdré, Phys. Rev. Lett 80, 4795
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