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Abstract. We use europium doped single crystalline NaYF4 nanorods for probing

the electric and magnetic contributions to the local density of optical states (LDOS).

Reciprocically, we determine intrinsic properties of the emitters (oscillator strength,

quantum yield) by comparing their measured and simulated optical responses in front

of a mirror. We first experimentally determine the specifications of the nanoprobe

(orientation and oscillator strength of the electric and magnetic dipoles moments) and

show significant orientation sensitivity of the branching ratios associated with electric

and magnetic transitions. In a second part, we measure the modification of the LDOS

in front of a gold mirror in a Drexhage’s experiment. We discuss the role of the electric

and magnetic LDOS on the basis of numerical simulations, taking into account the

orientation of the dipolar emitters. We demonstrate that they behave like degenerated

dipoles sensitive to polarized partial LDOS.
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1. Introduction

The electromagnetic local density of states (LDOS) is a key parameter governing light-

matter interaction processes such as radiative heat transfer [1, 2] or spontaneous emission

[3, 4, 5] so that it is of importance for controlling heat dissipation in optoelectronics

devices [6], or coherence emission of single photon source for quantum technologies [7].

Therefore, strong efforts have been put forward to map and control LDOS in the optical



Vectorial probing of optical transitions 2

near-field [8, 9, 10, 11, 12, 13, 14] with more particular attention devoted to the role of

electric and magnetic contributions in the last decade [15, 16, 17, 18, 19, 20]. Indeed,

although light-matter interaction is mainly governed by electric dipole in the visible

range, it is possible to enhance magnetic dipole contribution, opening a new parameter to

control light at the nanoscale.These pionered works considered randomly oriented rare-

earth ions as local probes of the electromagnetic environment. They mainly investigated

fluorescence intensity, giving access to the so-called radiative LDOS, either electric or

magnetic [15, 16, 17, 37]. The full LDOS, including radiative and non radiative channels

for both electric and magnetic contributions, is proportional to fluorescence decay rate so

that it can be probed by lifetime measurement. In 2018, Zia and coworkers measured the

lifetime of ions in front of a gold mirror or dielectric interfaces and discussed the electric

and magnetic contribution to the complete LDOS [18]. They used randomly oriented

emitters doping thin films, probing the LDOS averaged over the field polarizations.

In this work, we consider individual europium doped NaYF4 (NaYF4:Eu3+)

nanorods as quasi vectorial probes of the electric and magnetic LDOS. Eu3+ ions

present both electric and magnetic dipole transitions in the optical range so that the

lifetime of their excited states are sensitive to both electric and magnetic LDOS. We

recently characterized the electric and magnetic optical transitions in single crystalline

NaYF4:Eu3+ nanorods and demonstrated well defined orientation of the associated

dipole moments [22, 23]. Moreover, the low phonon (300−400 cm−1) NaYF4 host matrix

ensures narrow electric and magnetic emission lines and facilitates their distinction in

the spectra [17, 21, 22, 23, 24]. Finally, single crystalline host matrix induces well defined

polarized electric dipole (ED) or magnetic dipole (MD) optical transitions, related to the

nanocrystal c-axis orientation [25, 26]. The dipole transition presents a fixed orientation

with respect to the rod axis and constitutes a degenerated dipole of interest for vectorial

nanoprobing. Reversely, analyzing the modification of the fluorescence signal in complex

environment enables to access the intrinsic properties of the emitters such as orientation

[27], quantum yield [28] and oscillator strength [16].

In this article, we take benefit of these engineered optical nanosources to investigate

electric and magnetic LDOS variations. In section 2.1, we determine the ED/MD

orientation from polarized diagram emission measurement. Then, in section 2.2, we

quantify oscillator strengths of the emitters by measuring the ED/MD branching ratio

as a function of the distance to a gold mirror. Having fully characterized intrinsic

optical properties of NaYF4:Eu3+ nanocrystal, we use it as a LDOS nanoprobe in a

Drexhage-like experiment in section 3.

2. Specifications of the optical properties of NaYF4:Eu3+ nanoprobe

2.1. Electric and magnetic dipole moments orientation

Single crystal NaYF4:Eu3+ nanorods, with average length and diameter of 1.1 µm

and 120 nm respectively, were synthesized using hydrothermal procedure described in
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Figure 1: Schematic representation of the confocal optical microscope. The europium

ions are excited by a laser emitting at a wavelength of 392 nm CW or modulated at 10

Hz) and focused by a microscope objective (40×, NA = 0.6, Nikon). The luminescence

is collected by the same objective and is separated from the excitation laser by a dichroic

mirror and routed either to an avalanche photodiode (APD) for confocal imaging or to

a spectrometer. The APD is connected to a time correlated single photon counting card

(TCSPC; Picoquant-PicoHarp 300) for fluorescence decay acquisition.

references [29, 22]. The doped nanorods were deposited by drop-casting on a quartz

coverslip bearing a grid landmark pattern. The emission spectra of single nanorod were

acquired with a home-made confocal microscope, schemed in Fig. 1. The europium

ions were excited by a continuous-wave (CW) laser at a wavelength of 392 ± 0.5 nm,

focused by a low numerical aperture objective lens (NA=0.60, 40X, Nikon). The

photoluminescence emission was collected through the same objective. After collection,

the light was directed towards an avalanche photodiode (APD) or a spectrometer. Single

nanorod spectrum is presented in Fig. 2 with the corresponding transitions lines. In

the following, we focus on the three emission lines originating from the excited state
5D0:

5D0 →7 F1,
5D0 →7 F2 and 5D0 →7 F4. Indeed, we need to characterize the dipole

moments of all the optical transitions involved in the relaxation of the excited state 5D0

before using it as LDOS nanoprobe. This notably requests to know the nature (electric or

magnetic), the orientation and the numbers (associated to the 7FJ levels and their Stark

sublevels) of the dipole moments. These properties strongly depends on the host matrix.

The MD (5D0 →7 F1) and ED (5D0 →7 F2) optical transitions have been extensively

investigated in ref. [22, 23]. Therefore, we summarize our method to characterize the

dipolar transition moment considering the ED (5D0 →7 F4) transition only, for the sake

of clarity. Dipole moment orientation can be deduced from polarized emission diagram.

We recorded polarized emission spectra of individual rods, placing an analyser in front
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Figure 2: a) Eu3+ doped NaYF4 nanorods emission spectrum taken without analyzer.

b) Pictorial representation of the electronic transitions corresponding to the observed

spectral lines. All the optical transitions are of ED nature except 5D0 →7 F1,
5D1 →7 F2

and 5D2 →7 F3 that are of MD nature [17, 30].

of the spectrometer, see Fig. 3. Scanning electron microscopy (SEM) was systematically

performed after optical characterizations and only data acquired for individual rods are

kept in the analysis. The crystal-field perturbation lift the degeneracy of the 7FJ levels

into to (2J+1) Stark sublevels [31]. In Fig. 3a) we observe six of the nine ED transitions

(5D0 →7 F4), noted EDa,...,f . The spectra are fitted with a sum of six Gaussian functions

and the contribution of each peak (area under each Gaussian) is plotted as a function

of the angle of the analyser in Fig. 3b).

Optical emission is modeled considering a single rod with its c-axis aligned with the

substrate/air interface. The ED or MD moments associated to a transition line present

a fixed angle α with respect to the c-axis inducing that the rod emission is equivalent

to the incoherent emission of three electric or magnetic orthogonal dipoles [22]

p1 =

 cosα

0

0

 ,p2 =
1√
2

 0

sinα

0

 ,p3 =
1√
2

 0

0

sinα

 . (1)

The dipolar angles α are determined from polarized diagram emission [26, 22, 23]. For

low NA objective, the detected intensity is expressed as

I(ΦA) = A sin2 ΦA +B cos2 ΦA (2)

where ΦA refers to the angle of the analyzer with respect to the rod c-axis. A =
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Figure 3: (a) Luminescence spectrum of single NaYF4:Eu3+ nanorod in the spectral

range corresponding to 5D0 →7F4 transition. Spectral unmixing is performed by fitting

experimental data with a sum of six Gaussians. The configuration is schemed in the

inset. (b1) to (b5) The normalized emission intensity diagrams of the six ED optical

transitions are shown with dots, as a function of the analyser orientation. For each

dipole, normalization is performed on the maximum intensity of single nanorod. The

lines correspond to the theoretical fits using the full model of ref. [22].
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sin2 α/2, B = cos2 α for an electric dipole and A = cos2 α,B = sin2 α/2 for a magnetic

dipole. So, the emitter angle with respect to the c-axis can be estimated from the

fitting parameters A,B of the measured polarized diagram. We have used exact

expressions considering the NA of the objective for the sake of accuracy but the paraxial

approximation can be safely used for NA < 0.7. The fits are presented as solid lines

in Fig.3b), with the parameters gathered in Table 1. ED2a and ED2b present similar

angles with respect to the c-axis and close emission wavelengths (λ ' 690 nm, α ' 63◦)

so that they can be treated as a unique electric dipole (noted ED2ab) in the following.

Dipole moments ED2c to ED2f are all emitting around 697 nm and are oriented close

to α ' 40◦. Note that it can be sometimes difficult to unambiguously determine the

angle α leaving both c-axis and α orientations as free parameters. However, we carefully

determined the nanorod orientation and MD angle by confocal microscopy and took care

that c-axis orientation is the same for ED and MD transitions, lifting the ambiguity.

See ref. [22] for details.

We applied the same procedure for ED and MD transitions for several Eu3+doped

nanorods. The results are summarized in Table 1. We observed three MD transitions

(5D0 →7 F1) as expected because of the crystal field splitting of the Stark sub-levels.

MD1 (λ = 590 nm, α = 68 ± 1◦) and MD2 (λ = 592 nm, α = 72 ± 1◦) present similar

emission properties so that they can be treated as a unique magnetic dipole (MD12).

MD3 (λ = 595 nm, α = 37.3± 0.5◦) has to be considered separately. We also resolved

two of the five ED 5D0 →7 F2 transitions. Finally, as pointed above, we observed six of

the nine ED transitions (5D0 →7 F4) but again with only two different angles.

2.2. Oscillator strengths of the ED and MD transitions

Having fully determined the orientation of the ED/MD lines, we now focus on measuring

the ED/MD branching ratios for nanorods deposited on a gold mirror. This gives access

to the oscillator strengths of the optical transitions, of importance to quantify the LDOS

probing. A grid landmark pattern was microfabricated on glass coverslips. Over this

pattern, a layer of gold was deposited by thermal evaporation to create optically thick

mirrors (thickness greater than 100 nm). On the gold mirrors a film of SiO was deposited

by thermal evaporation to act as a spacer. The SiO spacer thickness was measured with

a stylus profilometer (Dektak 150). The samples were cleaned with oxygen plasma

and afterwards, a dispersion of rods in water was drop casted on the SiO film and left

to dry. Fig. 4 presents the spectra measured at different distances to the mirror. We

observe a strong dependency of the MD signal with respect to the distance to the mirror,

indicating a large modification of the MD/ED branching ratio.

In the previous section, we noticed that ED1 and ED2 transitions share very similar

dipole orientation. Moreover, the optical signal poorly depends on the wavelength in

the very near-field of the mirror were quasi-static dipole image reproduces the main

features. So we simplify the discussion merging ED1 and ED2 contributions, see table

2.
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Table 1: Dipole moment angle of transitions 5D0 →7F1,
5D0 →7F2 and 5D0 →7F4. α

defines the angle of oscillation with respect to the c-axis of the electric and magnetic

dipoles deduced from spectral analysis of single NaYF4:Eu3+ nanorods. Similar dipoles

present the same emission properties and can be gathered in a simplified model (line

”approx”).

transition 5D0 → 7F1
5D0 →7 F2

dipole MD1 MD2 MD3 ED1a ED1b

(590 nm) (592 nm) (595 nm) (615 nm) (620 nm)

α 68±1◦ 72±1◦ 37.3±0.5◦ 60.3 ±0.4◦ 44.3±1.6◦︸ ︷︷ ︸
approx MD12 (590 nm) MD3 (595 nm)

70◦ 37◦

transition 5D0 →7 F4

dipole ED2a ED2b ED2c ED2d ED2e ED2f

(689 nm) (691 nm) (693 nm) (696 nm) (697 nm) (700 nm)

α 63.4 ±0.4◦ 62.9±0.1◦ 43.3±0.5◦ 40.7±0.3◦ 38.7±0.1◦ 38.8±0.2◦︸ ︷︷ ︸ ︸ ︷︷ ︸
approx ED2ab (690 nm) ED2cdef (697 nm)

63◦ 40◦

Table 2: Simplified model for ED/MD in NaYF4:Eu3+ nanorods.

transition MD12 (590 nm) MD3 (595 nm) EDa EDb

α 70◦ 37◦ 63◦ 40◦

Figure 4: Luminescence spectra of single NaYF4:Eu3+ nanorod obtained at different

distances to the gold mirror. The configuration is schemed in the inset.

We measure the emission spectra without analyser. Spectra are again fitted by

gaussian profiles and the weight of each transition (MD12, MD3, EDa, EDb) is the
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surface area below the corresponding gaussian (MD12 weight is the sum of MD1 and

MD2 peaks areas). Finally, each transition branching ratio is estimated. For instance

βexpMD12 =
aMD12

aMD12 + aMD3 + aEDa + aEDb
(3)

where aMD12 is the area of MD12 transition. Similar definitions occur for the other

transitions.

Figure 5: Branching ratios as a function of the distance to the mirror for (a) ED and (b)

MD transitions. Dots correspond to experimental datas, solid lines are the fits taking

into account size dispersion of the rod diameter between 90 and 130 nm light and dark

colors correspond to the extremal rod diameters). Optical indices of SiO and Au are

taken from ref. [32, 33], respectively.

The intensity recorded in the microscope objective is modelized as the incoherent

emission of two dipoles parallel to the interface (p1 and p2) and one dipole perpendicular

to the interface (p3). Therefore, radiative intensity at angle θ for an electric dipole

transition is equal to

IED(θ) = (p21 + p22)I
ED
// (θ) + p23I

ED
⊥ (θ) (4)

=

(
cos2 α +

1

2
sin2 α

)
IED// (θ) +

1

2
sin2 α IED⊥ (θ)
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IED// (θ) =
3

8

(
|rp|2 cos2 θ + |rs|2

)
+

3

4
Re
[
(−rp cos2 θ + rs)e

2ik0 cos θz0
]

IED⊥ (θ) =
3

4

[
|rp|2 + 2Re

(
rpe

2ik0 cos θz0
)]

sin2 θ

I// and I⊥ refer to the emission for a dipole parallel or perpendicular to the surface,

respectively [34, 4]. rs and rp are the s, p-polarized Fresnel reflexion coefficients on the

air/SiO(thickness d)/Au (100 nm)/glass multilayer substrate. z0 refers to the altitude

of the emitter.

The magnetic dipole intensity is straightforwardly obtained with the exchange

rp ↔ rs:

IMD(θ) =

(
cos2 α +

1

2
sin2 α

)
IMD
// (θ) +

1

2
sin2 α IMD

⊥ (θ) (5)

IMD
// (θ) =

3

8

(
|rs|2 cos2 θ + |rp|2

)
+

3

4
Re
[
(−rs cos2 θ + rp)e

2ik0 cos θz0
]

IMD
⊥ (θ) =

3

4

[
|rs|2 + 2Re

(
rse

2ik0 cos θz0
)]

sin2 θ

The light collected throughout an objective of numerical aperture NA=0.6

(corresponding to an acceptance angle θNA = sin−1(NA/n1) = 37◦ ), for a spacer

thickness d is

I(d) =

∫ d+h

z0=d

dz0

∫ θNA

θ=0

I(θ) sin θdθ

where we integrate the radiative intensity over the NA and the rod diameter h.

Branching ratios can be numerically fitted from this model. For instance,

βMD12(d) =
fMD12IMD12(d)

fMD12IMD12(d) + fMD3IMD3(d) + faIEDa(d) + fbIEDb(d)
(6)

fi is the oscillator strength of the transition i. Because ratio are fitted, we have only

access to relative quantities fi. Fits are presented in Figure 5 and fitting parameters

are given in table 3.

Table 3: Relative oscillator strengths obtained from the fitting of the branching ratios

transition MD12 MD3 EDa EDb

fi 0.34 0.13 0.77 0.19

We observe a fair agreement between the experimental data and our simulations,

confirming the strong dependency of the electric and magnetic branching ratios with

respect to the distance to the metallic mirror [15, 16, 17, 18]. The spatial oscillations

(∼ 100 nm) originate from interferences between direct dipolar emission and light

reflected on the mirror (term e2ik0 cos θz0 in Eqs. 4,5). Moreover, we clearly observe
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strong differences depending on the dipole transition orientation. Namely, the branching

ratio of the electric transition oscillates between 30% and 70 % for EDa (α = 63◦) and

between 5% and 25 % for EDb (α = 40◦). Magnetic branching ratios vary in the range

5% -45% for MD12 (α = 70◦) and 2-25 % for MD3 (α = 37◦), opening the door towards

vectorial probing of the electromagnetic properties. Different branching ratios for ED

and MD originate from different coupling efficiency to the surface plasmon polariton

depending on the dipole nature, orientation and altitude. It is worth noticing that the

orientation of the dipolar emitters is defined by the angle α with respect to the c-axis.

Engineering the matrix host shape and anisotropy would lead to different ED or MD

polarizations for vectorial probing.

3. Nanoprobing of the electric and magnetic local density of states

3.1. Relaxation channels for electric and magnetic dipolar emissions

Fluorescence lifetime of an emitter depends on the distance to the mirror, as

demonstrated by Drexhage [35, 3]. ED and MD emissions present different behaviours as

a function of the distance to the mirror [34, 36, 37]. We represent in Fig. 6 the different

relaxation channels deduced from Sommerfeld expansion of the dipolar emission as a

function of the in-plane wavector k// [4]

P =

∫ ∞
0

P (k//)dk// (7)

The power spectrum P (k//) is presented in Fig. 6 for ED and MD emitters. Radiative

emission corresponds to the range 0 ≤ k// ≤ k0. The Lorentzian peak at k///k0 =

nSPP = 1.05 originates from surface plasmon coupled emission (SPCE) and contribution

at high k// are associated to lossy surfaces waves (LSW) [38]. We notably observe that

SPCE occurs for all the cases except for a MD perpendicular to the surface. The

relaxation channel for perpendicular MD is governed by the non radiative losses (LSW).

Polarized ED/MD transitions of NaYF4:Eu3+ differently couple to surface plasmon

polaritons (SPP) and would be of strong interest for SPP routing [37].

Electric and magnetic LDOS correspond to the total ED or MD emission in the

complex environment and are obtained by integrating the Sommerfeld expansion of

Fig. 6. Normalized LDOS are expressed as a function of electric and magnetic Green’s

tensor, respectively: ∆̃ρ
(E,H)

= 6π/k30Im
[
G(EE,HH)

]
. GEE refers to the electric Green’s

tensor above the mirror and its expression is given in ref. [4]. GHH refers to the

magnetic Green’s tensor above the mirror and is obtained from GEE with the exchange

of the Fresnel coefficients rs ↔ rp. Note that we can safely neglect quantum effects

(nonlocality, electronic spill-out, and Landau damping) on the metal optical response

since their effects are not significative above few nanometers [39, 40]. Normalized electric

and magnetic LDOS, averaged over the rod height, are presented in Fig. 7. The variation

of the magnetic LDOS is of the order of the free space LDOS whereas the electric LDOS
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a)

b)

Figure 6: (a) Electric dipolar emission power spectrum P (k//) above a gold mirror at

the wavelength λ = 620 nm. The different relaxation channels are indicated: radiative

emission, surface plasmon coupled emission (SPCE) and lossy surface waves (LSW). ED

parallel or perpendicular to the surface are considered. (b) Same as (a) for a magnetic

dipole at the wavelength λ = 590 nm. The dipole emitter is located 10 nm above the

mirror.

is enhanced up to a factor of 30, as expected from stronger ED contribution to light-

matter interaction in non magnetic materials.

The decay rate of the excited states 5D0 is governed by ED (5D0 → 7F2 and
5D0 →7F4) and MD (5D0 →7F1) transitions. It is worth noticing that the emitter

is a linear combination of incoherent electric and magnetic dipoles so that their decay

rate contributions can be independently summed [41].

ΓD0 = Γ5D0→7F1
+ Γ5D0→7F2

+ Γ5D0→7F4
(8)

= Γ0 + ∆Γ5D0→7F1
+ ∆Γ5D0→7F2

+ ∆Γ5D0→7F4

Γ0 is the decay rate in free-space (including intrinsic non radiative rate). As explained

above, we simplify the modelization merging the 5D0 → 7F2 and 5D0 →7F4 contributions
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b)

c)

Figure 7: a,b) Variation of the normalized magnetic and electric LDOS at the

wavelengths of interest.The contribution of the total (random) and partial LDOS either

parallel or perpendicular to the surface are represented. c) Comparison of LDOS for the

three optical transitions wavelengths: 5D0 →7 F1 (590 nm), 5D0 →7 F2 (620 nm) and
5D0 →7 F4 (700 nm). LDOS are averaged over the rod diameter (100 nm).

to a global electric contribution since they present similar ED dipole orientation.

Therefore, decay rates modification induced by the optical environnement simplifies

to

ΓD0 = Γ0 + ∆ΓMD + ∆ΓED (9)

∆ΓMD

Γ0

=
∑

α=72◦,37◦

ηα

{[
cos2 α +

sin2 α

2

]
∆̃ρ

H

//(d, d, ω01)

+
sin2 α

2
∆̃ρ

H

⊥ (d, d, ω01)

}
∆ΓED

Γ0

= χ2
ED

∑
α=60◦,44◦

ηα

{[
cos2 α +

sin2 α

2

]
∆̃ρ

E

//(d, d, ω02)
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+
sin2 α

2
∆̃ρ

E

⊥(d, d, ω02)

}
where χED = 3/(2 + n2

rod) is the local field correction inside the rod of optical index

nrod = 1.48 [17]. ∆Γ refers to the modification of the decay rate in front of the mirror

and is expressed as a function of the transition quantum yields η and partial LDOS. We

also present in Fig. 7c) the variation of the electric and magnetic LDOS at the emission

wavelength of 5D0 → 7F1,
5D0 → 7F2 and 5D0 →7F4 optical transitions. We observe

that electric LDOS variations are similar in the very near-field of the mirror at 620 and

700 nm. This justifies to merge all ED presenting similar orientations.

3.2. Drexhage’s experiment

In the following, we measure the lifetime of Europium doped nanorods as probe of

the electromagnetic LDOS in a Drexhage’s experiment. The confocal microscope was

adapted to measure the lifetime of the photoluminescence of the Eu3+-doped nanorods,

as shown in Fig. 1. The europium ions were excited by a laser emitting 20 µs pulses at

a wavelength of 392 ± 0.5 nm, modulated at 10 Hz. The photoluminescence emission

was collected through the same objective and directed towards an avalanche photodiode

(APD). Because of parasitic luminescence of impurities in SiO films, we first checked

that we measured Eu3+ emission recording a spectrum in CW regime before modulating

the laser for decay time acquisition. The emitted signal was filtered (band pass filter

range between 586.8 nm and 598.6 nm - Semrock FF01-600/14, Semrock FF02-586/15)

to acquire signal emitted from the the 5D0 excited state only (avoiding notably the
5D1 →7 F3 transitions at 580 nm).

Quantum yield is proportionnal to the oscillator strength [42] so that we can rewrite

the above expression (Eq. 9) with ηα = Afα where A is a proportionality factor (that

depends on the materials). The only unknown parameters are the free space decay rate

Γ0 and the factor A. Fig. 8 shows the fluorescence lifetime measured as a function

of the distance to the mirror and the corresponding fitting curve. The MD and ED

contributions to the decay rate (inverse of lifetime) are also presented in fig. 8b). We

clearly observe that the main contribution to the decay rate originates from the ED

transitions at short distances, where the variations are large. It is worth mentioning that

the large LDOS observed in the very near-field of the gold mirror is associated to SPCE

and LSW, that are not accessible from radiative LDOS, estimated by recording the

fluorescence intensity. In addition, at short distances, the variations due to 5D0 →7 F2

(ED1) and 5D0 →7 F4 (ED2) transitions are similar as shown in Fig. 7c, and considering

a unique ED transition may satisfactorily reproduces the evolution of the decay rate in

the near-field of the mirror [43]. From the fitting parameters, one can also deduce the

intrinsic non radiative rate Γnr0 as well as the free space radiative decay rates associated

to each transition, see table 4. We found a quantum yield of 20%.
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b)

Figure 8: a) 5D0 fluorescence lifetime as a function of the distance to the gold mirror.

Solid line is a fit with Eq. 9. b) MD and ED contributions to the total decay rate.

Fitting parameters are τ0 = 1/Γ0 = 8.2 ms and A = 0.12.

Table 4: Parameters deduced from the fitting parameters. Γnr0 : intrinsic non radiative

decay rate; ΓradMD (ΓradED): radiative electric (magnetic) decay rate; QY: quantum yield.

Γnr0 ΓradMD ΓradED QY

103 s−1 7 s−1 14 s−1 20%

4. Conclusion

We investigated in detail optical emission of NaYF4:Eu3+ nanorods in complex

environments. In a first step, measuring emitted light intensity permits to determine the

intrinsic optical properties of europium ions emitters in single crystalline NaYF4 nanorod

host matrix; namely the dipole moment nature, orientation and relative oscillator

strengths of the 5D0 →7 FJ optical transitions. Crystal field splitting of the 7FJ level

leads to 2J + 1 Stark sublevels spectrally separated. We fully resolved the three Stark

sublevels for the MD transitions (J = 1) and some of them for the two ED transitions:

two of the five Stark sublevels for J = 2 and five of the nine Starks sublevels for

J = 4. Europium doped nanorods present well defined ED/MD transitions of strong

interest as vectorial nanoprobes to investigate the modification of electric and magnetic

LDOS in complex environnements. Since the dipolar emitters present fixed orientation

with respect to the rod long axis, they can be used as vectorial nanoprobes of the

electromagnetic LDOS, as demonstrated in the second part of this work. We determined

that LDOS in front of a gold mirror is mainly of electric nature. We also estimated the

radiative and non radiative decay rates for both ED and MD transitions and a global

quantum yield of 20%. This demonstrates rare-earth doped single crystaline NaYF4 as

versatile nanoprobes of their electromagnetic environment and reciprocically that their

electromagnetic environment can be used to probe their optical intrinsic properties.

Further engineering of these nanoprobes would be helpfull to control the ED/MD
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polarization and mapping specific partial LDOS. Such nanoprobes constitute a powerful

tool to characterize thermal emission and electromagnetic properties in optoelectronics

devices. Deep understanding of the electric and magnetic contribution would notably

help in understanding and controlling near-field radiative transfer towards low power

components.
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[16] L. Aigouy, A. Cazé, P. Gredin, M. Mortier, and R. Carminati. Mapping and quantifying electric

and magnetic dipole luminescence at the nanoscale. Physical Review Letters, 113(076101), 2014.

[17] F. T. Rabouw, P. T. Prins, and D. J. Norris. Europium-doped NaYF4 nanocrystals as probes for

the electric and magnetic local density of optical states throughout the visible spectral range.

Nano Letters, 16:7254–7260, 2016.

[18] D. Li, S. Karaveli, S. Cueff, W. Li, and R. Zia. Probing the combined electromagnetic local density

of optical states with quantum emitters supporting strong electric and magnetic transitions.

Physical Review Letters, 121:227403, 2018.

[19] P. Wiecha, C. Majorel, C. Girard, A. Arbouet, B. Masenelli, O. Boisron, A. Lecestre, G. Larrieu,

V. Paillard, and A. Cuche. Enhancement of electric and magnetic dipole transition of rare-earth-

doped thin films tailored by high-index dielectric nanostructures. Applied Optics, 58:1682–1690,

2019.

[20] S. Bidault, M. Mivelle, and N. Bonod. Dielectric nanoantennas to manipulate solid-state light

emission. Journal of Applied Physics, 126(094104), 2019.

[21] J. F. Suyver, J. Grimm, M. van Veen, D. Biner, K. Krämer, and H.-U. Güdel. Upconversion
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