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Abstract: We study the polarization properties of quantum dot (QD) 
emission coupled with the fundamental cavity modes. A rotation of 
polarization axis and a change of polarization degree are observed as the 
coupling is varied. To explain this observation, we derive an analytical 
model considering the polarization misalignment between QD dipole and 
cavity mode field. Our model also provides a new approach to extract the 
anisotropic Purcell factors by analyzing the polarization of detected 
quantum dot emission coupled to the cavity mode, which paves the way to 
develop high-efficiency polarized single photon sources. 
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1. Introduction 

The system of single semiconductor quantum dots (QDs) coupled to cavities paves the way 
for the exploration of cavity quantum electrodynamics (CQED) effects [1]. In the past decade, 
many CQED phenomena in such systems, including Purcell effect in the weak coupling 
regime [2] as well as the vacuum Rabi splitting in the strong coupling regime [3,4], have been 
performed and investigated extensively due to their potential applications in quantum 
information science [5,6]. Weak exciton-photon coupling reveals a pronounced modulation on 
the spontaneous emission (SE) rate of the QDs through the Purcell effect [7]. The magnitude 
of modulation, namely, the ratio between the QD’s SE rate with (1/ cavτ ) and without ( 01 /τ ) 
cavity can be quantified by the following expression: 
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where the first of the four terms on the right side takes on the value denoted PF . Q is the 
quality factor of cavity mode, Veff is the effective mode volume, and λc is the wavelength of 

cavity mode. Moreover, ( )2 2 2( ) 4c cL δω δωΔ = + Δ  is a Lorentz function of cavity linewidth 

δωc and a function of detuning Δ. The last two terms are the mismatches between dipole and 
field in the space and polarization, respectively. 

Micropillars, owing to its directional radiation pattern, exhibit a high extraction efficiency 
of photons and thus become a promising candidate for accomplishing efficient single photon 
devices [8] and further for generating indistinguishable photons [9], where those are at the 
basis of quantum cryptography [10,11]. The single photons with specific polarization are 
often used to encode qubit information in quantum computation and cryptography [10,12]. On 
the other hand, single photon source with variable polarization are quite appealing for 
avoiding the loss caused by external polarization-resolved components. To control the 
polarization properties of emitted photons, an anisotropic geometry is introduced to the 
micropillars [13]. Such an anisotropic cross section lifts the twofold degeneracy of 
fundamental modes into a pair of linearly polarized modes. A continuous polarization control 
of single QD emission has been achieved by changing the coupling of QD with the cavity 
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mode (CM) [14,15]. However, a complete experiment/model of the polarization properties, 
such as the polarization degrees and angles, of QD emission controlled by the Purcell effect is 
still absent. 

In this paper, we investigated the polarization-resolved spectroscopy of the QD emission 
coupled to the CM, both experimentally and theoretically. In experiment, the polarization axis 
of QD emission is continuously changed with the detuning between QD and CM, as well as 
the polarization degree. An analytical model considering the coupling between two cavity 
modes and the exciton state has been proposed to quantitatively explain not only our 
observations on QDs’ polarization behavior but also those in the previous reports [14,15]. 
Moreover, since the Purcell factor is a figure of merit for characterizing cavity-based single 
photon devices, developing a reliable approach to extract the Purcell factor is requisite and 
various methods have been demonstrated previously. The most intuitive way to probe the 
Purcell effect is to directly employ Eq. (1). By comparing the QD lifetime at and far from 
resonance with the cavity mode, the Purcell factor can be determined [16]. There are other 
signatures reflecting the Purcell effect. For example, as the SE of the QD exciton becomes 
faster near resonance due to the Purcell effect, the pump power required to saturate the optical 
transitions will be increased. The faster emission rate also enhances the emission intensity at 
saturation. Therefore, measuring the pump rate where the QD emission intensity saturates [2] 
or the QD emission intensity at saturation [17,18] could quantitatively illustrate the Purcell 
effect. Alternatively, by measuring the polarization-resolved emission of QDs, we provide a 
new approach for extracting the anisotropic Purcell factors of the microcavity. 

2. Experimental method, results and discussions 

The sample studied in this work is fabricated from a planar microcavity grown by molecular 
beam epitaxy. The microcavity consists of a one λ GaAs cavity surrounded by alternating 
AlAs and GaAs layers of 24/20 pairs as the bottom/top distributed Bragg reflector (DBR). 
One layer of InAs QDs is grown at the antinode of cavity and the area density of QDs is 
approximately 1 × 109 cm−2. The pillars are fabricated first by conventional lithography using 
negative photoresist (AZ 5214E) and following by the inductively coupled plasma (ICP) 
etching. The photoresist (PR) is then patterned into groups of circles by photo-lithography and 
serves as a mask in the following chloride-based ICP etching. After etching and defining the 
pillars, the residual PR is removed by O2 plasma ashing. A scanning electron micrograph 
(SEM) of pillar with diameter of 3 μm is shown in the inset of Fig. 1. Emission spectra are 
taken in a low-temperature micro-photoluminescence (μ-PL) setup. A 632.8nm line of HeNe 
laser is focused onto the pillars through an objective lens with a numerical aperture (NA) of 
0.5. The PL signals are analyzed by a spectrometer consisting of a 0.55-m monochromator 
and a liquid-nitrogen-cooled charge-coupled detector (CCD) camera, which provides a 
spectral resolution of 80 μeV. The polarization-resolved μ-PL is accomplished with the 
mounting of a rotating half-wave plate and a fixed linear polarizer in front of the 
monochromator. All the following data are taken with a half-waveplate rotating in the steps of 
3° from 0° to 180°such that the PL intensity of the whole polarization plane can be mapped. 
By applying this polarization-resolved spectroscopy, we can also analyze the fine structure 
splitting of exciton with an accuracy of 5μeV. 
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Fig. 1. Temperature-dependent QD emission spectra of a 3-μm diameter micropillar. 
Resonance between QD and CM is observed at T = 35.2 K. The inset shows a SEM picture of 
the studied micropillar. 

 

Fig. 2. (a) Normalized PL of CM taken at two polarization angles showing that the splitting 
between two linearly polarized modes is about 10 μeV. There is slight difference in the quality 
factors of two cavity modes. Inset: SEM picture of top-viewed micropillar. (b) Polarization 
polar diagram of measured total PL intensity (blue dots) for CM at T = 10K. The green and red 
lines represent respectively two orthogonal linearly-polarized modes with polarization angle of 
102° and 12°. 

Temperature-dependent PL spectra from the studied 3-μm-diameter micropillar with 
quality factor Q = 7,600 are recorded in Fig. 1. To obtain an authentic quality factor, we 
excite the pillar with high pump power for feeding a broad and smooth background sources to 
the cavity. The estimated maximal Purcell factor FP is 14 for the studied micropillar with  
Veff = 0.87 μm3. By varying the temperature, we can control the coupling of the QD with the 
CM. The energy state of the QD is brought into resonance with the CM at T = 35.2 K and the 
Purcell enhancement results a pronounced increase in the PL intensity at resonance. The 
energy crossing at resonance indicates a weak coupling regime for this QD-microcavity 
system. 

The fundamental cavity mode HE11 of circular micropillars is twofold polarization 
degenerate. However, this degeneracy is lifted due to a slight asymmetry (with 
ellipticity~0.02, referring to the inset of Fig. 2(a)) in the cross section of the studied 
micropillar, which is caused during the fabrication process [13]. The energy splitting between 
the two linearly polarized modes of our pillar is about 10 μeV as shown in Fig. 2(a). The 
polarization angles of these two linearly polarized modes are determined by measuring the 
emission intensity in the whole polarization plane. As shown in Fig. 2(b), one of the split 
modes is polarized along 102° and emits stronger PL intensity than the perpendicular one. 
Above measurements are performed at T = 10 K. 
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Fig. 3. (a) Polarization polar diagram of QD (black dot) and CM (orange square) for  
Δ = −0.85 meV. θd is the included angle between the polarization angles of QD and CM.  
(b) Polarization diagram of QD for Δ = −0.85 meV (black dot) and −0.2meV (blue dot). 

 

Fig. 4. (a) Polarization axis and (b) polarization degree of detected QD emission as a function 
of detuning. 

For the target spectral line of the QD in Fig. 1, we cannot confidently identify it as an 
exciton or a charged exciton since it has no observable fine structure splitting. As shown in 
Fig. 3(a), the polarization of its emission intensity is measured at T = 10 K. We have observed 
a certain degree of polarization up to 0.2. Such polarization anisotropy was found to vary 
from dot to dot and ranged from 0 to 0.5 in our sample. Similar observations were reported 
previously by other groups for InAs or InGaAs QDs [19–22]. Besides, from the investigations 
of polarization anisotropy on tens of individual QDs, we found that the polarization axes were 
not aligned along the crystallographic axes. The optical anisotropy misaligned with respect to 
the crystallographic axes is attributed to the strong valence-band mixing which is due to the 
shape and strain anisotropies [23,24]. 

We show the polarization orientations of the QD and of the CM at detuning Δ =  
−0.85 meV together in Fig. 3(a). An included angle θd exists between the polarization plane of 
the QD and the CM. Under the detuning Δ = −0.85 meV and Δ = −0.2 meV, we observed a 
change in the polarization direction as shown in Fig. 3(b). We thus depict the polarization axis 
and the polarization degree of QD emission as a function of detuning in Fig. 4. As seen in 
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Figs. 4(a) and 4(b), both the polarization axis and the polarization degree change with the 
detuning. According to Eq. (1), it is expected that the misalignment between the polarization 
axis of QD and CM could play a role in the observed change of polarization. Thus a model 
which takes the misalignment between the QD and the CM into consideration is needed to 
quantitatively explain this observation. 

3. Theory for anisotropic Purcell effect 

To illustrate the polarization-dependent Purcell effect, an analytical model is derived as 
follows. When the QD is pumped with a pumping rate r, it emits photons via either cavity 
mode or leaky modes. The SE rate of exciton coupled with the leaky modes is denoted γx. In 
addition, the exciton emission rate coupled to the cavity mode is modified by the Purcell 
effect and can be expressed as Γ = γXFeffL(Δ), where Feff denotes the effective Purcell factor 
taking the spatial and polarization mismatch between the dipole and the mode field into 
account. The photons emitting from cavity and leaky modes are then collected by the 
polarization-resolved μ-PL setup. The PL intensity from desired QD collected by the detector 
can be given by [25] 

 det ( , , ) ( , , ) ( , , ) ,leak cav
QD QD QDI r I r I rθ θ θΔ = Δ + Δ  (2) 

where we assume that the QD emission comes from the exciton consisting of a singlet state. 
The PL intensity is a function of detuning Δ, pumping rate r and analyzer axis θ. The 
efficiencies of cavity mode and leaky mode coupled to the detector are denoted ηleak and ηcav, 
respectively. The PL of the QD emitted through the leaky mode keeps its polarization 
properties [23] and has the expression of 

 1 2( , , ) ( , ) 1 cos ( ) ,leak
QD leak X X DI r p r Nθ η γ θ θ−  Δ = Α Δ + −   (3) 

where A is the intensity integral over the whole polarization plane and given as (2 + N)π. N is 
a parameter depending on the linear polarization degree of the QD. N = 2Pl /(1-Pl) if the 
polarization degree of the QD emission is Pl. θD is the direction of polarization anisotropy. pX 
is the steady excitonic population and can be derived from the rate equations, which depends 
on detuning Δ and pumping rate r but not on analyzer axis θ. The PL from the cavity mode is 

 1 1 2( , , ) ( , ) ( , ) cos ( ) ( ) ,cav
QD cav X cav X X CI r B p r B p r F Lθ η η γ θ θ− −Δ = Δ Γ = Δ − Δ   (4) 

where B is again the intensity integral over the whole polarization plane but given as π. In 
order to investigate the impact of misalignment between the QD and the CM on the PL, the 
inner product of the dipole and field orientation is separated from the effective Purcell factor 
and is given with a function of cos2(θ-θc), where θc is the polarization angle of single cavity 
mode. By doing this, we have Feff = Fcos2(θ-θc). F is the Purcell factor involving only the 
spatial mismatch. This expression manifests that the Purcell effect selectively enhances the SE 
rate of photons of the same polarization. When the analyzer axis is chosen to align along the 
CM, the effective Purcell factor arrives at a maximum so that the detected PL intensity along 
this axis is greatly contributed from the photons emitted into the CM. On the contrary, zero 
effective Purcell factor occurs at the direction perpendicular to the CM, which leads to a leaky 
mode dominated PL intensity. By putting Eqs. (3) and (4) into Eq. (2), the detected PL 
intensity can be written in the following formula: 

 det 2 21
( , , ) cos ( ) cos ( ) ( ) ,

2
l

QD leak X X l D C

P
I r p P F Lθ πη γ θ θ α θ θ− Δ = + − + − Δ  

  (5) 

where α = ηcav/ηleak. All the terms related to N have been replaced with Pl. To illustrate the 
Purcell effect on the polarization properties of detected PL described by Eq. (5), we plot the 
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Fig. 5. (a) Detected emission intensity in the polar diagram and (b) polarization axis of detected 
PL for θd = 0°(black symbol), 45°(red symbol) and 90°(blue symbol) as a function of detuning. 
The polar diagrams plotted with orange symbol in (a) represent the CM polarized at 90°, 135° 
and 180° respectively. (c) The curves of polarization axis as a function of detuning for different 
magnitudes of V when θd = 45°. 

PL intensity of QD coupled to single mode in a polar diagram by letting αF = 20 as shown 
in Fig. 5(a) for θd = 0°, 45° and 90° at several detunings, where θd = θC - θD. Here we consider 
a QD which has a polarization degree of 0.1 at large detuning (off resonance). For each 
included angle, the polarization degree is modified as the coupling of QD with CM is changed 
and reaches a maximum at resonance, where the polarization degree of detected PL is defined 
by (Imax-Imin) /(Imax + Imin).What worthy to note is that for 45o

dθ = the polarization axis rotates 
with the detuning. This rotation could be quantitatively determined as follows. The 
polarization axis of detected PL can be found by setting the derivative of the detected PL 
intensity to zero, where the intensity maximum or minimum occurs. Then we obtain the 
polarization axis θdet of detected PL: 

 det 1
2 2 1/2

( )sin(2 )1
( ) sin ,

2 [1 2 ( )cos(2 ) ( ) ]
d

D
d

VL

VL V L

θθ θ
θ

−  ΔΔ = +  + Δ + Δ 
 (6) 

where the parameter V = αF/Pl for clarity. detθ  depends on the included angle θd as well as 
the detuning Δ. Figure 5(b) shows the polarization axis of detected PL as a function of 
detuning for θd = 0°, 45° and 90°. A rotation of polarization axis is predicted for θd = 45° but 
no rotation would occur for θd = 0° and 90°. We also plot the polarization axes for different V 
values when θd = 45° in Fig. 5(c). It is seen that a larger V value initiates an earlier starting 
point of rotation because of the stronger Purcell effect. Further discussions on parameter V 
will be given later. 

The above discussions focus on the case of the QD emission coupled to single cavity 
mode. In fact, for micropillar with circular cross section, there is twofold degeneracy in the 
fundamental cavity mode. The QD dipole is coupled to both two degenerate modes which are 
polarized perpendicular to one another. So let us consider a more general case where the 
degeneracy of fundamental mode is lifted, which occurs in imperfect or elliptical micropillars. 
In this case, Purcell-enhanced SE rate Γ is given as 
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 2 2cos ( ) ( ) sin ( ) ( ) ,X H C H V C VF L F Lγ θ θ θ θ Γ = − Δ + − Δ   (7) 

where FH and FV are the respective Purcell factors of two linearly polarized modes. ΔH and ΔV 
are the respective energy detuning between QD and two polarized CMs. Note that the sine 
square term (rather than cosine square) after FV arises from the 90° difference between two 
orthogonal CMs. The general expression for the detected PL of QD coupled to both two 
modes is written as 

 det 2 2 21
~ cos ( ) ( )cos ( ) ( )sin ( ) .

2
l

QD l D H H H C V V V C

P
I P F L F Lθ θ α θ θ α θ θ− + − + Δ − + Δ −  (8) 

Here we have taken out the factors independent of the analyzer axis and kept only the 
polarization-dependent terms. For a circular micropillar, since the fundamental mode is 
twofold degenerate, so ΔH = ΔV and FH = FV. Therefore, cavity-coupled exciton emission rate 
Γ in Eq. (7) has no polarization dependence. It means that the polarization properties of 
detected emission will not be modified by the Purcell effect. We now discuss three typical 
cases of elliptical micropillars with different ellipticity and hence different mode splitting: 

(1) ΔH ~ΔV and ΔV-ΔH << δωc (our presented case) 

The imperfection in micropillars will slightly split the twofold degenerate fundamental mode, 
which exactly meets our fabricated pillar. Since the mode splitting is rather small compared to 
the interested coupling regime, the relation H VΔ ≈ Δ ≡ Δ  holds. Thus Eq. (8) reduces to 

 det 2 2 21
~ cos ( ) ( ) cos ( ) sin ( ) ,

2
l

QD l D V C C

P
I P F Lθ θ α κ θ θ θ θ−  + − + Δ − + −   (9) 

where κ = FH/FV. Again, a zero derivative of detected PL is used to derive the polarization 
axis. The polarization axis takes the form of Eq. (6) but now with V = αFV(κ-1)/Pl. θd is 
explicitly given from the difference of the observed polarization axis between QD and CM at 
large detuning. The fitting results are plotted in Fig. 6(a). A well-fit for the polarization axis 
(upper panel in Fig. 6(a)) obtains a V value of 18.2 ± 1.2, where V is the only free parameter 
of the fit. 

Regarding the polarization degree of detected PL intensity, which is defined by (Imax-Imin) 
/(Imax + Imin), can be derived from Eqs. (6) and (9) as 

 
{ }

( ) ( )

2 det 2 det
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2cos ( ) 1 ( ) 2cos ( ) 1

P .
1 ( ) 1 1

D C

l

l

VL

P VL

θ θ θ θ
κ κ

   Δ − − + Δ Δ − −   =
+ Δ + −

  (10) 

To determine the unknown κ value, we begin with the case Δ ~0 (on resonance) of Eq. (9). 
Given that α is large due to the poor coupling between leaky modes and detector, the final 
term dominates over the former terms. At resonance, the CM emission has a clear dependence 
on the polarization as shown in Fig. 2(b). Moreover, the polarization properties of CM 
emission are always preserved even when the detuning is varied. According to the recent 
understandings of CM emission [26], while entering the Purcell enhancement regime, i.e. our 
interested detuning region, the CM is weakly coupled to the target QD and emits photons that 
are mostly contributed from the target QD. That is to say, the polarization dependence of CM 
emission indicates a polarization dependence of Purcell enhancement experienced by the QD 
dipole. Therefore, comparing the dominating term in Eq. (9) with the polarization of detected 
PL emission at Δ ~0, κ can be determined as 1.34. The measured polarization degree 
compares well with the curve predicted by Eq. (10) when Pl = 0.4 as shown in the lower panel 
of Fig. 6(a). 
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Fig. 6. (a) Calculated curves and our data for the polarization axis (upper) and polarization 
degree (lower) of detected PL as a function of Δ/ωc. (b) Comparison of polarization degree 
between our calculated curve and the measured data taken from [15]. The splitting between X 
and Y polarized cavity modes is about 500 μeV. (c) Comparison of polarization degree 
between our calculated curves and the measured data taken from [14]. QD1(black symbol), 
QD2(red symbol) and QD3(green symbol) respectively own a polarization degree of 0, −0.35 
and 0.25 at large detuning. The solid line with corresponding color is calculated with  
Pl

CM = 0.8. The blue dashed line is plotted with Pl = 0 and Pl
CM = 1. 

(2) ΔH < ΔV and ΔV-ΔH > δωc 

For an elliptical micropillar with a small ellipticity, the mode splitting is a few times the 
cavity linewidth. This case was demonstrated experimentally in [15]. In such micropillars, the 
polarization of QD emission can be switched between two orthogonal polarizations by 
changing the coupling of QD with two linearly polarized CMs. In their work, the splitting 
between two orthogonal polarized modes is about 500 μeV. The studied QD had isotropic 
polarization, i.e. Pl = 0, at large detuning and the polarization degree was defined by  
(IX-IY) /(IX + IY). According to Eq. (8), the polarization degree of detected PL can be derived 
as 

 det ( ) ( )
.

1 ( ) ( )
V V V H H H

l
H H H V V V

F L F L
P

F L F L

α α
α α

Δ − Δ=
+ Δ + Δ

 (11) 

The index H (V) corresponds to the polarization Y (X) defined in [15]. By exploiting the fact 
that X polarized mode has a higher quality factor, we obtain the conditions of αVFV > αHFH 
and a smaller cavity linewidth for X polarized mode. Giving the parameters with the 
following values, αHFH = 15, αVFV = 60, cavity linewidth of 0.13 for X polarized mode and of 
0.15 for Y polarized mode, the curve predicted by Eq. (11) matches the data points measured 
in [15] as shown in Fig. 6(b). In addition, due to a higher quality factor of X polarized mode, 
the polarization degree of QD emission at resonance with X polarized mode is higher than 
that at resonance with Y polarized mode. 

(3) ΔH << ΔV and ΔV-ΔH >> δωc 

This is the case for micropillars with a large ellipticity. In this case, since the mode splitting is 
far larger than the cavity linewidth, the mode far from the QD state can be fairly neglected. So 
we obtain the polarization degree of detected PL of 

 det ( )
.

1 ( )
l

l

P FL
P

FL

α
α

+ Δ=
+ Δ

 (12) 

The above formula predicts a highly polarized emission at resonance which is close to unity. 
The blue dashed line in Fig. 6(c) shows the curve of polarization degree for Pl = 0 according 
to the above formula. The experimental result in [14], in which they studied an elliptical 
micropillar with the ellipticity of 0.6, is also plotted in Fig. 6(c). The blue dashed line 
obviously deviates from the data at resonance. We attribute this deviation to a partially 
polarized CM as observed in [14]. Taking this into account, the detected PL is rewritten as 
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where the second term in the bracket denotes the PL contribution from orthogonal 
polarization and ξ is a fraction. The factor 1/(ξ + 1) ensures a normalization of integral over 
all polarizations for the last term. So the polarization degree is rewritten as 

 det ( )
,

1 ( )

CM
l l

l

P FL P
P

FL

α
α

+ Δ ⋅=
+ Δ

 (14) 

where Pl
CM = (1-ξ)/(1 + ξ) being the polarization degree of CM. Considering a partially 

polarized CM with Pl
CM  = 0.8, the polarization degrees of detected PL for QD1, QD2, and 

QD3 are plotted in Fig. 6(c) by letting Pl = 0.25, 0, and −0.35 and αF = 100, 160 and 150, 
respectively. It is clear that all calculated curves compare well with the experiments. In short, 
our analytical model can be used to quantitatively explain all the observed data up to date. 

4. Extraction of anisotropic Purcell factors 

A further prospect of the PL polarization-resolved measurement on the QD-cavity system is 
propounded as described below. For the polarization direction of QD orienting an angle with 
respect to that of CM, it is predicted and demonstrated that a rotation of polarization axis 
occurs when the coupling of QD with CM is changed. The rotation in the polarization axis of 
detected PL as seen in Fig. 6 is modeled by Eq. (6) with a given included angle and a fitting 
parameter V = 18.2 ± 1.2 as mentioned above. According to the formula V = αFV(κ-1)/Pl, the 
Purcell factor FV can be obtained if α, κ, and Pl are known. Actually, κ and Pl have been 
determined in the previous section. The value of α, which is the ratio between the collection 
efficiency of the CM and the leaky mode for the detection system, can be quantitatively 
determined as follows. We follow the method proposed in [25] and implement pump power-
dependent measurements on the investigated micropillar. The integrated PL intensities of the 
QD against pump power under various detunings are recorded. Note that in this measurement 
we removed the waveplate and the polarizer in front of the monochromator so that the PL 
emissions of all the polarizations are entirely collected by the detector. We show the 
experimental results at the detunings of resonance and far from resonance in Fig. 7. Note that 
the curve for off resonance case has been rescaled for clarity. 

The ratio ε between the total detected PL intensity on resonance and far from resonance is, 
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( , ) ( , ) 1 ( )
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For the pump power well below the one required to saturate the PL emission, the excitonic 
population is given as ( )( )below

Xp r γ= + Γ Δ . As for the pump power well above the 

saturation, the excitonic population is approximated to be below
X XXp rγ= . Comparing the PL 

intensity with low pump power at resonance and far from resonance, the ratio ε becomes: 
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And the ratio ε for high pump power is: 

 
1

.
1 ( )
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FL

αε
α
+=

+ Δ
 (17) 

The Purcell factor can be extracted by dividing Eq. (16) by Eq. (17). Substituting the obtained 
Purcell factor back into Eq. (17), α is immediately obtained. We thus obtain the Purcell factor 
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Fig. 7. PL integrated intensity as a function of pump power when on resonance (black cross) 
and far from resonance (red cross). The data circled are used to extract the ratio α. 

 

Fig. 8. Saturated pump power as a function of Δ/ωc. The blue line is plotted with a function of 
(1 + FL(Δ))1/2. 

of 2.3 ± 0.4 and α of 13.8 ± 3.7. Such a large value of α confirms a better collection of 
photons from the cavity mode than the leaky mode and is comparable to the value obtained in 
[25]. Since α is determined by the pillar geometry and collection setup (numerical aperture), it 
should be identical for the pillars of the same diameter measured in the same setup. Therefore, 
with Pl = 0.4 and κ = 1.34, we obtain FV = 1.6 ± 0.5 and FH = κFV = 2.1 ± 0.7. The difference 
in Purcell factors between the two polarized CMs could be caused mainly by the spatial 
mismatch term in Eq. (1) as they have almost the same quality factor. 

To further confirm the obtained anisotropic Purcell factors, we perform another 
measurement which is widely used in QD-micropillar system [2, 25]. The pump power 
required to saturate the QD emission is recorded as a function of detuning as shown in Fig. 8. 
We fit the curve with (1 + FL(Δ))1/2 [25] and get the Purcell factor F = 1.8 ± 0.2. It is not 
surprising that the Purcell factor obtained from this approach lies in between the two 
anisotropic Purcell factors since the latter approach measures the average one. Note that the 
error listed here does not consider the intensity fluctuations [25]. 

At last, we would like to mention another possibility to extract the Purcell factor. Back to 
aforementioned case that ΔH<<ΔV, where the QD is coupled with single cavity mode in an 
elliptical pillar. The polarization degree of detected PL emission against the detuning is 
modeled by Eq. (14). For various QDs owning different polarizations, Pl can be explicitly 
assigned by measuring the polarization of QD emission at very large detuning. Thus the free 
parameter of this fit is the product of α and F. Evidently we can obtain the Purcell factor with 
high accuracy if α can be correctly found out. To find α, instead of implementing pump-power 
dependent measurement, one could possibly compare the cavity emission with the addition of 
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a pin-hole, which is of the similar size with the micropillar, as close as possible to the 
micropillar to that with the removal of pin-hole. 

5. Conclusion 

In conclusion, we propose an analytical model which quantitatively explains the rotation of 
the polarization angle and the change of the polarization degree of detected PL as a function 
of detuning, which is observed in our experiment. Our model can be generalized to fit 
previous works. Moreover, we provide an alternative approach based on analyzing the 
polarization of detected PL to probe the anisotropic Purcell factors, which is beyond the scope 
of time-resolved and pump-rate dependent measurements. One should bear in mind that the 
relatively large error in determining the ratio α is still an obstacle to correctly derive a Purcell 
factor. A proper way such as the addition of pin-hole to the setup is required to be 
implemented in order to find correct α. 
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