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ABSTRACT: To detect the magnetic component of arbitrary unknown optical fields, a
candidate probe must meet a list of demanding requirements, including a spatially isotropic
magnetic response, suppressed electric effect, and wide operating bandwidth. Here, we show
that a silicon nanoparticle satisfies all these requirements, and its optical magnetism driven
multiphoton luminescence enables direct mapping of the magnetic field intensity
distribution of a tightly focused femtosecond laser beam with varied polarization orientation
and spatially overlapped electric and magnetic components. Our work establishes a powerful
nonlinear optics paradigm for probing unknown optical magnetic fields of arbitrary
electromagnetic structures, which is not only essential for realizing subwavelength-scale optical magnetometry but also facilitates
nanophotonic research in the magnetic light−matter interaction regime.
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To boost light−matter interactions in nanomaterials/
nanostructures (for example, plasmonic nanoparticles,1

quantum dots,2 etc.), tightly confined optical fields, such as
highly focused light beams3 or bounded surface waves,4,5 are
frequently employed as excitation sources. Due to the
diffraction-limited confinement dimensions, nanometric ob-
jects immersed in such complex fields often exhibit strong
position-dependent optical responses.6,7 For this reason, the
exact knowledge of the excitation field profile is crucial for
leveraging the light−matter interaction in nanoscale optics.
While the techniques for mapping the electric field of light
have been well-established,8 solutions addressing its magnetic
counterpart remain far from satisfactory, due mainly to the lack
of an effective magnetic field probe working at optical
frequencies.
In the past decade, several nanoscale paradigms have been

used to probe the magnetic field of light, such as rare earth ions
(REIs), split ring resonators (SRRs), and ring-shaped
plasmonic nanoantennas. These magnetic probes have been
either integrated to near-field scanning tips to probe the
surface magnetic fields4,5 or directly utilized to map the
magnetic field distribution profiles of tightly focused laser
beams.9 Nevertheless, three functionality limitations impede
universal applications of these linear optical probes, including
(1) magnetic monopole-like response, (2) significant electric-
magnetic crosstalk, and (3) limited working frequencies. For
instance, the first demonstrated magnetic field probe working
at optical frequencies is based on the SRR nanoconstruct that
solely responds to the magnetic field component perpendicular
to the SSR plane.4 In addition, the metal-based magnetic
probes suffer from unavoidable Ohmic losses at optical

frequencies, for which the magnetic responses are typically
weak and mostly observable in the near-infrared spectral
range.1,4,10,11 On the other hand, a single REI can only sense
the magnetic field component aligned with its magnetic
transition dipole moment.12 Although REIs can be heavily
doped into a dielectric nanoparticle to generate a spatially
averaged magnetic response,13 the required ultrahigh doping
concentration imposes a significant challenge on sample
fabrication. Besides, the small spectral separation between
the electric and magnetic transition frequencies (typically <10
nm) in the REIs induces a significant electric-magnetic
crosstalk,9 which would easily smear the mapped field profiles.
Similar concerns also appear for metal SSRs and ring-shaped
plasmonic nanoprobes, of which the magnetic resonances are
usually mixed with their broadband electric counterparts.1,14,15

Finally, the naturally occurring candidates such as REIs can
exhibit magnetic responses in the visible light spectrum, but
the available working frequencies are limited by their spectrally
discrete magnetic dipole transitions.16

Magnetic field distribution can also be retrieved from known
electric field distribution via Maxwell’s curl equation, i.e.,

E B
t

∇ × = − ∂
∂
. While this strategy relaxes the demanding

requirement of a magnetic field probe with a dominant electric
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response, the electric field distribution has to be measured with
sufficient high spatial precision in three-dimensional space.
Besides, the retrieve methods typically rely on complicated
measurement setups such as near-field scanning optical
microscopy (NSOM)17 and photoemission electron micros-
copy (PEM),18 with the latter only applicable to optical fields
near the metal surface.
In this letter, we demonstrate a simple and straightforward

method to exclusively map the magnetic field intensity
distribution of light with single spherical silicon (Si) nano-
particles. Such a Si nanoprobe has been recently used to probe
the magnetic19 and longitudinal transverse density of light,20

but the employed far-field scattering based method can only
resolve the longitudinal magnetic field component (i.e., Hz) or
magnetic fields exhibiting spinning vector characters. Here we
exploit the nonlinear optical emission properties of single Si
nanoparticles, and show that such a nonlinear magnetic
nanoprobe enables direct mapping of the intensity distribu-
tions of unknown magnetic fields with arbitrary electro-
magnetic structures thanks to its unique merits. It has (1) a
spatially isotropic magnetic response endowed by spherical
symmetry, (2) a negligible crosstalk between the electric and
magnetic responses ensured by both substantial spectral and

spatial separations, (3) a far-field multiphoton luminescence
(MPL) exclusively driven by the magnetic component of light,
and (4) a tunable magnetic dipolar resonance across the whole
visible and near-infrared spectral range.

■ RESULTS AND DISCUSSION
The physical mechanism for probing optical magnetic fields
with the proposed nonlinear nanoprobes can be understood by
the scenario of a single silicon nanoparticle interacting with a
plane wave (Figure 1a). Based on Mie theory, a single Si
nanoparticle with an appropriate size supports strong electric
dipole (ED) and magnetic dipole (MD) resonances, and weak
electric quadrupole (EQ) and magnetic quadrupole (MQ)
resonances, all in the visible to near-infrared spectral range
(Figure 1d),21,22 which allows it to respond selectively to the
electric or magnetic field of the incident light via either the ED
or MD excitation. In particular, resonant excitation of the MD
resonance generates strong electric field confined mainly inside
the nanoparticle (Figure 1c), which can be exploited to boost
efficiently the nonlinear optical response23 like MPL.24,25 Such
optical magnetism driven nonlinear emission thus renders the
Si nanoparticle a local field sensor enabling far-field detection
of the magnetic component of light, in the same way as that

Figure 1. Optical magnetism driven MPL from single Si nanoparticles. (a) Schematic illustration of a Si nanoparticle (Si NP) responding selectively
to the electric (upper panel) or magnetic (lower panel) field component of a plane wave. p (m) denotes the electric (magnetic) dipole moment
induced by the incident light. (b, c) Normalized near-field intensity distribution profiles for a Si nanoparticle, with exclusive excitation of its ED (b)
or MD (c) resonance mode by vector optical fields (for more details see Supporting Information Section 1). Here the Si nanoparticle is 185 nm in
diameter, and the excitation wavelength is set to match its MD resonance at 720 nm (see Methods). (d) Measured scattering spectrum of a silica-
supported Si nanoparticle with a diameter of ∼180 nm, with the inset showing its scanning electron microscopy (SEM) micrograph. Scale bar in
the inset, 100 nm. (e) Two-photon luminescence spectrum of the Si nanoparticle in (d), measured upon excitation of the MD resonance by a
tightly focused femtosecond laser beam. The data is fitted with double singlet-Lorentz functions (colored) to distinguish the multipole emission
modes.
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using single fluorescent molecules26 or metal nanoparticles3 to
probe the electric field of light.
Owing to the indirect bandgap, bulk Si is known to be a

semiconductor material notorious for its extremely low
photoluminescence quantum efficiency (10−7). Nevertheless,
nanostructured Si can emit strong luminescence upon delicate
excitation of the appropriate Mie resonances.24 Figure 1e
displays the typical luminescence response of a Si nanoparticle
excited at the MD resonance. Within the emission band of
interest, the luminescence spectrum exhibits two pronounced
intensity maxima at the MQ and EQ resonances, indicating
enhanced spontaneous emission through the Purcell effect.27

Since Si is a nonmagnetic material at optical frequencies, the
photoluminescence emitted from the Si nanoparticles must
originate from the electronic transitions driven by the inner-
particle electric fields. Figure 1b,c show that, at the MD
resonance, the excitation consists of both ED and MD
components that jointly contribute to the generation of the
particle-confined electric fields. However, the ED-related near-
field distribution exhibits a poor spatial overlapping with the
nanoparticle volume, rendering the MPL from the Si
nanoparticle dominantly contributed by the MD excitation
(see Supporting Information Section 1). In addition, the large
spectral separation (typically >100 nm, refer to Figure 1d)
between the MD and ED resonances can further reduce the
electric-magnetic crosstalk in either excitation process. Such

concurrent spatial and spectral exclusion of the ED component
at the MD resonance thus leads to a cooperative suppression of
the electric contribution to the total MPL, rendering the single
Si nanoparticle an artificial magnetic emitter responding solely
to the magnetic field of light.
Following the above rationale, a semianalytical model is

developed to relate qualitatively the measured photolumines-
cence from a single Si nanoparticle to the external driving
magnetic field. Within the quasi-static approximation, the Si
nanoparticle at the MD resonance acts as a magnetic dipole
responding linearly to the external magnetic field, written as

m H r( )m 0α⃗ = ⃗ ⃗ (1)

where m⃗ is the magnetic dipole moment, αm is the magnetic
dipole polarizability, and H⃗0 is the external magnetic field at
position r ⃗. This dipolar magnetic response essentially
originates from the structured polarization in the nanoparticle.
Considering the relatively small size parameter (2a/λ ∼ 0.5) of
a silicon nanoparticle at the wavelength of the MD
resonance,28,29 its structural magnetic dipole moment can be
evaluated with the long-wave approximation, i.e.,

m
i

r P r V

P r E r
2

( ) d

with ( ) ( ) ( )

V

0

s 0

÷◊ ÷ ◊÷÷ ÷◊

÷ ◊÷÷ ÷◊ ÷ ◊÷÷ ÷◊
∫ω

⃗ = − ′ × ′ ′

′ ′ = ϵ − ϵ ′ ′ (2)

Figure 2. Principle for mapping the magnetic field of a tightly focused light beam using a single Si nanoparticle. (a) A silica-supported Si
nanoparticle is raster scanned through the focal plane of a tightly focused light beam. The position-dependent photoluminescence signal emitted
from the nanoparticle is recorded, forming a scanning image recording the intensity distribution of the driving field component. The inset depicts
that the inner-particle electric field (E), induced by an external magnetic field (H), is concentrated mainly near the equatorial plane, forming a
torque-shaped domain (VT) (see the simulated three-dimensional field distribution pattern in Figure S2). (b) The Si nanoparticle is lightened up at
the position where the magnetic field is nonvanishing. The stacked planes depict the focal electric (upper) and magnetic (lower) field distributions
of an azimuthally polarized (AP) beam. (c, d) Intensity distributions of the magnetic field component of an AP (c) and a linearly polarized
Gaussian beam (d) in the focal plane. The Gaussian beam is x-polarized before being focused. The numerical aperture (NA) of the focusing lens is
0.95, and the wavelength of the incident beam is 720 nm, consistent with the experimental conditions used in (a). The stacked images in each
figure are rendered on the same intensity scale.
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where ω0 is the angular frequency of the excitation, V is the

nanoparticle volume, r
÷◊
′ is position vector defined in the local

coordinate frame attached to the nanoparticle, P
÷ ◊÷÷

′ represents
the local polarization, ϵs (ϵ0) is the permittivity of Si (vacuum),

and E r( )
÷ ◊÷÷ ÷◊

′ ′ specifies the local electric field inside the
nanoparticle. At the MD resonance, the inner-particle electric
fields are confined mainly in the torque-shaped volume (VT)
near the equatorial plane (see inset of Figure 2a, colored in
red), indicating a highly localized source for both the far-field
MD response and the photoluminescence (refer to eq S3 in
Supporting Information Section 2). In this regard, the torque-

shaped volume VT can be assigned as the effective integrating

domain for the integration term in eq 2. Within the scalar

approximation (for details see Supporting Information Section

2), combining eqs 1 and 2 leads to

i
r E r V

H r
i

V E e

( )
2

( ) d

( )
( )

2

V

m

0 s 0

0

0 s 0
T

÷◊ ÷ ◊÷÷ ÷◊

÷ ◊÷÷

∫ω

α
ω

−
ϵ − ϵ

′ × ′ ′

= ⃗ ⃗

≈ −
ϵ − ϵ

⟨| ′|⟩ ⃗
(3)

Figure 3. Mapping the magnetic (electric) field intensity distribution of an AP beam with single Si (Au) nanoparticles. (a) Dark-field microscope
image of a sample area of interest. The bright red spots (labeled as 1, 2, 3, and 4) are Si nanoparticles having MD resonances at ∼720 nm, while the
other ones, dimmer or vivid green, correspond to smaller Si nanoparticles with MD resonances at shorter wavelengths. (b) Scattering spectra
measured for the Si nanoparticles marked in (a). (c) TPL image obtained by scanning the Si nanoparticles across the focal plane of a focused AP
beam. The inset shows the calculated magnetic field distribution in the focal plane, with the same objective and laser parameters as used in
experiments. (d) TPL image obtained by scanning Au nanoparticles (characterization details in Supporting Information Section 5) through the
focal plane of the same AP beam as in (c). The nominal diameter of the nanoparticles is ∼100 nm. Their plasmon responses are featured by a
prominent resonance at ∼550 nm (see the measured scattering spectra in Figure S6d). Inset shows the calculated electric field distribution in the
focal plane. (e) Position-dependent TPL excitation efficiency simulated for a Si nanoparticle (diameter, 185 nm) scanned across the focal plane of
an AP beam, with the data sampled along the radial direction (black dots). The calculated |H|4 in the focal plane is also provided for comparison
(blue curve). (f) Similar results as (c) but for a Au nanoparticle (diameter, 100 nm).
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where E
÷ ◊÷÷

⟨| ′|⟩ is the averaged magnitude of the electric field in

VT, i.e., E E Vd
V V
1

T T

÷ ◊÷÷ ÷ ◊÷÷
∫⟨| ′|⟩ = | ′| . e ⃗ specifies the unit vector

parallel to H⃗0. In a phenomenological approach, the photo-
luminescence from the Si nanoparticle can be evaluated by30,31

I r E r V( , ) ( ) d
V

n n
PL

2 ( )
,0 0

÷ ◊÷÷ ÷◊∫ω σ ρ γ⃗ ∝ | ′ ′ | ω ω ω ω (4)

where σ(n) specifies the photon absorption probability at the
excitation frequency ω0, with n denoting the kind of
absorption, ω is the emission frequency, and ρ and γ represent
the thermalization and emission probabilities, respectively,
which are position independent. Throughout this study, the
excitation wavelength was chosen at ∼720 nm, and the
photoluminescence from the Si nanoparticle was dominated by
two-photon absorption (n = 2) induced luminescence (TPL)
(see details in the Supporting Information Section 3). In this
case, eq 4 can be reduced and approximated to the following
form:

I r E r V( ) ( ) d
V

n n
TPL

2 ( )
,0 0

÷ ◊÷÷ ÷◊∫ σ ρ γ⃗ ∝ | ′ ′ | ω ω ω ω (5)

where E 4÷ ◊÷÷
⟨| ′| ⟩ is the averaged magnitude of E 4÷ ◊÷÷

| ′| in VT, i.e.,

E E Vd
V V

4 1 4
T T

÷ ◊÷÷ ÷ ◊÷÷
∫⟨| ′| ⟩ = | ′| . We assume E

÷ ◊÷÷
| ′| varies slowly in VT

and, thus, have E E4 4÷ ◊÷÷ ÷ ◊÷÷
⟨| ′| ⟩ ≈ ⟨| ′|⟩ . With this approximation,

combining eq 3 and 5 leads to

I r H r( ) ( )TPL 0
4⃗ ∝ | ⃗ ⃗ | (6)

This representation explicitly relates the external magnetic field
with the TPL intensity of the Si nanoparticle, thereby allowing
mapping the magnetic field distribution profile by measuring
the far-field TPL intensity.
To demonstrate the above-proposed approach of using Si

nanoparticles as magnetic field nanoprobes, we chose tightly
focused laser beams as the testing optical fields. As illustrated
in Figure 2a, a silica-supported Si nanoparticle is raster scanned
through the focal plane, and the emitted TPL within the MQ
emission band (∼530−570 nm) is collected. The formed
image would thus record either the electric or the magnetic
field intensity distribution in the focal plane, depending on
whether the nanoprobe responds to the electric or the
magnetic field of the focused light beam.
We first chose an azimuthally polarized (AP) laser beam to

examine the effectiveness of the proposed magnetic field
nanoprobe. As shown in Figure 2b, the electric field
distribution in the focal plane of the beam displays a
doughnut-shaped pattern, with an intensity null on the optical
axis (calculated via the vectorial diffraction theory32). The
magnetic field distribution, however, forms a circular spot, with
the peak intensity on the optical axis. Such spatially separated
electric and magnetic field distributions are suited for clarifying
whether the nanoprobe responds to the electric or the
magnetic field of the focused laser beam.9 In our experiment,
Si nanoparticles were fabricated with the femtosecond laser
ablation method,24 which produced nearly spherical particles
randomly dispersed on a silica substrate. We intentionally
selected a large area containing several well-separated Si
nanoparticles (Figure 3a), some having an MD resonance close
to the 720 nm laser wavelength (hereinafter referred to as “MD
nanoparticles”, Figure 3b). Figure 3c displays the image
obtained by raster scanning this sample area through the focal

plane of the AP beam of the same wavelength. In sharp
contrast to the dark-field image shown in Figure 3a, only the
MD nanoparticles are efficiently lightened in the TPL image,
while the off-resonant Si nanoparticles are barely observable.
Moreover, each MD nanoparticle appears as a circular bright
spot, consistent with the intensity distribution of the magnetic
field in the focal plane of the focused AP beam (see inset in
Figure 3c). This coincidence verifies that the TPL signals of
these MD nanoparticles are dominantly driven by the magnetic
field of the incident light. It is also noticed that the sizes of the
bright spots appear to be slightly different, although they image
the same focal field of the AP beam. This phenomenon, as
revealed by simulation results, is mainly caused by different
TPL excitation efficiencies of the Si nanoparticles: the closer of
the MD resonance of a Si nanoparticle to the laser wavelength,
the higher its excitation efficiency and thus the larger the
intensity of the retrieved TPL pattern (see details in
Supporting Information Section 4).
For comparison, we replaced the Si nanoprobes with

spherical Au nanoparticles (average diameter, ∼100 nm).
These Au nanoparticles exhibit dominant electric responses at
the laser wavelength and thus can be exploited to probe the
electric field of light. Figure 3d shows the image obtained by
scanning a few Au nanoparticles through the same beam focus
used in Figure 3c, with the map intensity rendered by the TPL
of Au (emission band, ∼500−600 nm). As expected, the
luminescence maps of single Au nanoparticles well reproduce
the doughnut-shaped electric field distribution of the focused
AP beam (see the bottom-right inset in Figure 3d).
In a phenomenological way, the above experimental results

can be numerically simulated via inspecting the position-
dependent TPL excitation efficiency of a Si nanoparticle. This
can be performed by calculating the integral in eq 5 over the
volume of a Si nanoparticle scanning through the focus of an
AP beam, with the electric fields extracted from electro-
magnetic simulation results (see Methods). Figure 3e,f shows
the TPL excitation efficiencies simulated for a Si nanoparticle
and a Au nanoparticle, respectively, both sampled along the
radial direction of the beam focus. It is found that the
excitation efficiency profile in Figure 3e well reproduces the
TPL pattern of the Si nanoparticle revealed in the raster-
scanned TPL image shown in Figure 3c and also agrees well
with that of the magnetic field distribution in the focal plane
(inset in Figure 3c). Such agreement is also found between the
TPL pattern of the Au nanoparticle (Figure 3d) and the
simulated excitation efficiency profile (Figure 3f) or the
calculated electric field distribution in the focal plane (inset in
Figure 3d). In particular, the spatially varying excitation
efficiency of the single Si nanoprobe perfectly follows the
calculated position-dependent |H|4, in consistence with the
prediction by our semianalytical model (eqs 1−6).
For the focused AP beam, the magnetic field in the focal

plane is dominated by the longitudinal component parallel to
the beam axis (Hz, Figure 2c). In order to demonstrate that Si
nanoparticles are capable of probing magnetic fields with
arbitrary polarization orientations, we subsequently replaced
the AP beam with a Gaussian beam. In contrast to the AP
beam, the focal magnetic field of the Gaussian beam is
dominated by the transverse component (for example, Hy, see
Figure 2d), which is not readily accessible to the metal rings14

or SSR-based probes.4 Complicating matters, the transverse
magnetic field of a focused Gaussian beam spatially overlaps
with its electric counterpart (see insets in Figure 4a,b) and,
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therefore, cannot be resolved with probes exhibiting
simultaneous electric and magnetic responses. With the same
Si and Au nanoparticles (as employed in Figure 3) scanning
through the focus of a Gaussian beam, we obtain the mapping
results shown in Figure 4a,b, where both types of nanoparticles
appear as elliptical bright spots, in sharp contrast to the circular
bright spots or the doughnut-shaped patterns observed for the
AP beam (Figure 3). However, the long axes of the elliptical
spots for the Au nanoparticles are parallel to the input laser
polarization while those for the Si nanoparticles are
perpendicular to it. Such asymmetric patterns are also observed
in the calculated magnetic and electric field distributions in the
focal plane (insets in Figure 4a,b), implying that the single Si
(Au) nanoparticles are capable of imaging the magnetic
(electric) component of the excitation field. Nevertheless, the
magnetic field distributions mapped by single Si nanoparticles
may be affected by the accompanying electric field due to the
spatial overlapping of the electric and magnetic fields in the
focal plane. Such a crosstalk effect can be evaluated by
inspecting the TPL excitation efficiency of a Si nanoparticle
scanned through the focused Gaussian beam. As shown in
Figure 4c, we observe no significant deviation between the
simulated TPL excitation efficiency and the calculated |H|4

profile in the focal plane, suggesting a negligible electric−
magnetic crosstalk effect. In other words, the single Si
nanoparticles exclusively map the magnetic component of
the focused Gaussian beam, with no smearing by the
accompanying electric component. Conversely, the TPL
excitation efficiency of a Au nanoparticle perfectly follows

the |E|4 profile of the focal fields (Figure 4d), in line with the
fact that single plasmonic nanoparticles are mainly electric-field
responsive.
It should be emphasized that we employed the MPL instead

of coherent nonlinear emissions (for example, second-
harmonic generation33,34) to map the magnetic fields of
focused laser beams. This is because MPL is essentially a
spontaneous emission process insensitive to the polarization
state of excitation fields. Such an incoherent character enables
uniform emission characteristics (angular distribution, emis-
sion polarization, etc.) of the MPL from spherical Si
nanoprobes, which is essential for mapping unknown fields,
especially the ones with concurrent multiple magnetic
components (one demonstration provided in Supporting
Information Section 6). In addition, the distinct electric field
distributions at the ED and MD resonances ensure negligible
contribution of the ED excitation to the MPL of the Si
nanoparticle, which is not available when the coherent
nonlinear optical processes (e.g., harmonic generation) are
employed. Also, it is important to note that a scattering based
nanointerferometric scheme demonstrated by Bauer et al.,3

initially used to map the electric field distributions of tightly
focused laser beams, could be generalized to probe the
magnetic field component by simply replacing the plasmonic
nanoparticle with a Si one. The only concern is the possible
electric−magnetic crosstalk in the far-field scattering signals,35

as manifested in the spectral overlap between the ED and the
MD resonances (refer to Figure 1d). A recent study reported
that a Au-core−Si-shell nanoparticle can exhibit an ideal

Figure 4. Mapping the magnetic (electric) field intensity distribution of a linearly polarized Gaussian beam with single Si (Au) nanoparticles. (a)
TPL images of individual Si nanoparticles obtained by scanning the sample area in Figure 3a through the focal plane of a focused Gaussian beam.
The Gaussian beam is y-polarized before being focused by the objective. (b) TPL images of individual Au nanoparticles obtained by scanning the
sample area in Figure 3d through the same focused beam used in (a). (c) Position-dependent TPL excitation efficiency simulated for a Si
nanoparticle (diameter, 185 nm) scanned along the radial direction (x or y) of a focused Gaussian beam. The calculated |H|4 profile of the focused
Gaussian beam along the x or y axis is also provided for comparison. (d) Similar results as (c) but for a Au nanoparticle (diameter, 100 nm).
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magnetic dipole scattering response by elegantly overlapping
the MD and anapole resonances.36 However, such a pure MD
character was only observed in the far-field scattering response
and not excited exclusively by the magnetic field of external
light. Another key advantage of the Si nanoprobes is that their
magnetic resonances can be spectrally tuned by simply
controlling the particle size, which renders a wide operating
wavelength (see Supporting Information Section 7).
In summary, we have demonstrated a novel nanoprobe for

detecting the magnetic component of light fields with arbitrary
electromagnetic structures. This probe is based on a spherical
Si nanoparticle with an efficient MPL driven exclusively by the
magnetic field component of light. Using such Si nanoprobes,
we have successfully mapped the magnetic field intensity
distributions of two representative femtosecond laser beams
tightly focused by a high numerical aperture objective: an AP
vector beam featuring a dominant longitudinal magnetic
component and a linearly polarized Gaussian beam showing
a dominant transverse magnetic component. The probing
mechanism presented here is also applicable to other high-
index semiconductor nanoparticles showing significant struc-
tural magnetic resonances, namely, Ge or GaAs nano-
particles.37 The detection of focused continuous wave laser
beams will be possible by using semiconductor nanoparticles
with direct bandgaps which emit single-photon lumines-
cence.38 Looking forward, we anticipate that a more advanced
probing scheme can be developed by attaching Si nanoparticles
to near-field scanning tips, with which the magnetic near-fields
bound to a waveguide surface or plasmonic nanostructures can
be revealed.

■ METHODS

Experimental Setup. Details are provided in Supporting
Information Section 8.
Numerical Simulations. The electromagnetic response of

a single Si nanoparticle was simulated by the three-dimensional
finite-difference time-domain (FDTD) method implemented
on a commercial electrodynamic simulation package (FDTD
Solutions, Lumerical Inc.). For simplicity, the nanoparticle is
immersed in air. The exclusion of the silica substrate present in
the experiment does not significantly modify the resonance
characteristics of Si nanoparticles and disable the Si nanoprobe
for exclusively mapping the magnetic field intensity of light
(for details see Supporting Information Section 9). The
dielectric constant of Si is extrapolated from the Palik
experimental data.39 The Si nanoparticle is illuminated either
with a plane wave to resolve its Mie-type multipole resonances
or with focused light beams to mimic the experimental
excitation conditions. To ensure the iteration convergence, a
mesh size of 1 nm is used within the nanoparticle volume.
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