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Optical near-field interference in the excitation of a bowtie nanoantenna
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We show experimentally as well as in simulation that the phase-sensitive superposition of different plasmonic
modes leads to a spatially controllable enhancement of the near-field inside and in the vicinity of a metallic
nanostructure. Multiphoton photoemission electron microscopy maps the local near-field distribution. By
controlling the relative phase � between two orthogonally polarized light pulses the spatial distribution of
the near-field is manipulated on the basis of the interference of the near-field modes. This demonstration of
optical near-field control is corroborated by finite integral time domain calculations.
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I. INTRODUCTION

Optical near-field control in the vicinity of nano-optical
antennas is in the focus of the rapidly evolving field of
“ultrafast nano-optics” and plays a key role in the research
field of plasmonics.1–7 Merging the fields of nano-optics and
ultrafast laser technology has recently opened up a wide range
of perspectives in controlling the near fields on a subwave-
length length and an ultrafast time scale.1,8 Coherent control
of the near field in the vicinity of nanostructures has been
theoretically predicted by the use of broadband chirped laser
pulses.2 In the present context, the coherent control of optical
near fields relies on interference phenomena, i.e., the actual
near-field distribution and the local excitation depend on the
spectral phase of the incoming light. Ultrafast adaptive optical
near-field control schemes and the main control mechanism
have been investigated in detail, and two main mechanisms
for controlling the near-field in the vicinity of nanostructures
have been identified in theoretical investigations.6,7,9 The first
is a local interference of optical near-field modes that are
excited by two orthogonal polarization components of the
incident light. Constructive or destructive interference of these
modes is used to control the nanoscale spatial momentary field
distribution. The control parameter is the phase difference
between the two orthogonal polarization components of the
incident far field, i.e., the momentary polarization state of
the incident light. The second control mechanism is related
to a manipulation of the temporal evolution of the local near
field via the spectral phase of linearly polarized incident light.
Applying a spectral phase opposite to the phase of the local
response function at a given location in the nanostructure
leads to a local field evolution with the shortest possible pulse
duration, i.e., the chirp of the incident pulse compensates the
spectral phase of the local response. This mechanism should
allow achieving the highest possible local field strength and
thus provides an important control tool to optimize and localize
the nonlinear response in a given nanostructure.7

The control of optical near fields has been reported using
many-parameter adaptive polarization pulse shaping.3,4 By
this technique it became possible to manipulate the optical
near-field distribution spatially and temporally on a nanometer
spatial scale and a femtosecond time scale.3,5,7,9,10 In an ana-
lytical approach it has been shown that an optimal switching

of the near-field intensity between two local areas is achieved
if the difference of the spectral phases of the two incident
laser pulse polarization components is changed by π .6 This
open-loop optimal control scheme opens new ways to more
flexible and more general coherent control in nanophotonics.
Both the ultrafast optical nanoscale switching and the optimal
control rule rely on the above-mentioned optical near-field
interference mechanism. Although this mechanism has been
clearly demonstrated in theoretical investigations,3,6,7 an un-
ambiguous experimental demonstration is still missing. Here
we provide a simple but very effective demonstration of
these near-field interferences by means of near-field switching
in a bowtie-shaped antenna configuration. We use a bowtie
nanoantenna as a simple model system since the properties
of bowtie-shaped metallic nanostructures as a commonly used
nanostructure in the sense of a nano-optical antenna have been
investigated theoretically and experimentally.11,12

The outline of this work is as follows: In Sec. II we give
an overview over the near-field interference mechanism that
leads to the controllability of the field distribution. We describe
our experimental approach to use a photoemission electron
microscope (PEEM) to map the near-field distribution of a
nanostructured surface and the combination with ultrafast
laser pulse excitation in Sec. III. Additionally, the charac-
teristics of the nanostructures are analyzed, and the simulation
characteristics are given. The interfering near-field modes are
mapped independently by applying linearly polarized laser
pulses with crossed polarizations. In Sec. IV, we present the
experimentally achieved near-field distributions and give a
comparison with simulated field distributions. Based on this we
demonstrate near-field switching as the result of interference
of the excited modes in the vicinity of the nanostructure when
controlling the relative phase of two perpendicular polarized
laser pulses. Simulations support the identification of the
control mechanism.

II. INFLUENCE OF THE NANOSTRUCTURE ON THE
NEAR-FIELD DISTRIBUTION

The interaction of a nanostructure with an arbitrarily
polarized electromagnetic wave can be described as the linear
superposition of the responses with respect to two independent
polarization components of the incident wave (e.g., TM
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FIG. 1. (Color online) Schematic of the experimental setup and
the near-field interference mechanism. The local fields Eloc,TE and
Eloc,TM generated by the TE and TM far-field components are no
longer orthogonal.

and TE) because of the linearity of Maxwell’s theory.3 The
propagating far-field components drive the linear polarization
Pi(r,ω) = Gi(r,ω)Eext,i(r,ω), which can be described by the
space- and frequency-dependent linear local response Gi(r,ω),
with i = TM, TE. The effective near-field results from the
superposition of the induced polarization with the incoming
light field Eloc,i (r,ω) = [1 + Gi(r,ω)] Eext,i(ω). Note that the
field components are complex valued and thus contain spectral
amplitude and phase for each polarization component. The
phase between the two polarization components Eext,TM(ω)
and Eext,TE(ω) does not affect the far-field intensity distribution
since both components are orthogonal and thus do not interfere.
The local fields generated by the two polarization components
are, in general, no longer perpendicular to each other, and thus,
interference effects between both fields influence the optical
near-field distribution in the vicinity of the nanostructures.
The local near-field intensity distribution Iloc (r,ω) includes
an interference term that gives the freedom to control the
near-field distribution via the phase difference of the two
fundamental polarization components. Omitting for simplicity
the role of the local magnetic field, the proportionality of the
local intensity to the local field components is given by6

Iloc(r,ω) ∝ |Eloc,TM(r,ω)|2 + |Eloc,TE(r,ω)|2
+ 2 Eloc,TE(r,ω) · Eloc,TM(r,ω). (1)

Figure 1 sketches the corresponding near-field control
mechanism. The local optical near-field Eloc (r,ω) at the
position r is given by the superposition of the incident light
field and the induced polarization fields. Treating both TM
and TE components separately, the local field Eloc (r,ω) is
determined by the relative phase difference � = ϕTE − ϕTM

between them. This means that the polarization state of
the incident light determines the local field. The local field
component Eα

loc,i (r,ω), with α ∈ {x,y,z} , for a given linearly
polarized incident light at one location r for one frequency ω

is given as a complex number,

Eα
loc,i (r,ω) ∝ ∣

∣Eα
loc,i (r,ω)

∣
∣ exp [i ϕi (r,ω)] , (2)

where i denotes the excitation polarization TM or TE. The
superposition of the local fields to calculate the resulting
intensity distribution when two independent polarizations are
used for excitation can then be expressed using the relative
phase �. The local electric field components are then given by

Eα
loc(r,ω) = ∣

∣Eα
loc,TM(r,ω)

∣
∣ exp[i ϕTM(r,ω)]

+ ∣
∣Eα

loc,TE(r,ω)
∣
∣ exp[i ϕTE(r,ω)] exp(i �). (3)

A variation of the relative phase � by �� corresponds to a
phase retardation of one of the fields relative to the other one
and is realized in the experiment by a change of the optical
delay between two orthogonal polarized laser pulses. Note that
the introduced phase difference is not constant over the laser
spectrum but shows a linear spectral dependence because of the
different involved frequencies. However, in the present case,
this influence can be neglected in first-order approximation.
Constructive versus destructive interference of the local fields
as the phase between the incoming fields is changed gives a
handle to control the spatial optical near-field distribution.5,10

Theoretically, the full information about the response function
of a nanostructure is already present if the response of the
nanostructure to two orthogonal polarization states of the
exciting light is known. All kinds of polarization-dependent
effects of the structure can then easily be calculated according
to Eq. (3) or generated with the coherent superposition of the
two independent polarization states.7

III. METHODS AND NANOSTRUCTURE
CHARACTERIZATION

A. Photoemission microscopy as a near-field probe

The investigation of nano-optical antennas with tailored de-
signs requires a noninvasive and versatile technique to map the
near-field distribution with a sufficiently high spatial resolution
and the possibility to resolve the temporal evolution of the
optical near-field distribution and nanophotonic excitations. It
has been shown that PEEM is a suitable tool to investigate the
near fields around nanostructures and their electronic as well
as plasmonic properties.13,14

Plasmonic resonances of nanostructures made of gold or
silver lie in the visible spectral range. Therefore, the photon
energy of the corresponding resonance is smaller than the
work function � of gold used here as nanostructure material.
� lies, depending on the surface conditions, at about � =
4.7–5.1 eV.15,16 With a photon energy of hν = 1.55 eV a
nonlinear photoemission process is necessary to overcome
the work function of the material. In the simplest model for
multiphoton photoemission neglecting details of the material
band structure, intermediate state lifetimes, and final state
effects, the yield is proportional to the 2nth power of the local
electric field Eloc(r,ω), where n is the order of nonlinearity.
Hence, while the plasmon excitation or, more generally, the
optical response of the nanostructure is still in the linear
regime, the detected photoemission signal is the result of a
nonlinear process.17 By this the local near-field intensity is
enhanced nonlinearly. The higher the order of the process is,
the more sensitively the signal reacts to small variations in the
near-field intensity.
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B. The experimental setup

The experiments are performed with a photoemission
electron microscope based on an electrostatic lens system
(Focus IS PEEM) with a spatial resolution of <40 nm, situated
in an ultrahigh vacuum system. As an excitation source we use
a mercury lamp (unpolarized cw light with a cutoff energy of
4.9 eV) or a mode-locked Ti:Sa-laser oscillator that delivers
bandwidth-limited laser pulses of 25-fs pulse duration on
a center wavelength of λ = 795 nm with a repetition rate
of 80 MHz. The laser beam is focused down to a diameter
of about 100 μm on the sample under an angle of incidence of
65◦. The sample orientation is sketched in Fig. 1. TM-polarized
light contains an in-plane component (parallel to the sample
surface) that points along the bowtie antenna axis and a
normal component. In contrast, TE-polarized light contains
exclusively an in-plane component oriented perpendicular to
the antenna axis. Note that the distinction between TM and TE
configurations is only related to the incoming light field.

In Sec. IV C we concentrate our discussion on the inter-
ference term of the optical near-field modes excited by two
orthogonally polarized incident light pulses, i.e., the scalar
product in Eq. (1). This term is controlled via the phase
between the two pulses using a Mach-Zehnder interferometer.
One interferometer path passes a delay stage that enables
a variation of the optical path length, while the second
part of the beam goes through a periscope that rotates
the light polarization from TM to TE polarization. On a
second beam splitter the two beams are recombined and
propagate collinearly to the experiment. A variation of the
delay between the two pulses corresponds to a change of the
relative phase between the two field components and by this
a variation of the actual polarization state.7 The stability of
the Mach-Zehnder interferometer with respect to vibrations
and drift is sufficiently high that phase variations over typical
measurement periods of several minutes are negligible. The
used delay stage moves the phase in predefined steps of
about half the optical wavelength at the center wavelength
of the used laser pulses. Note that the absolute phase between
both interferometer arms is unknown since a slow unknown
phase drift cannot be avoided. Consequently, only the phase
difference �� is controlled in the present experiment.

C. Bowtie antenna fabrication and characterization by
scanning electron microscopy and one-photon PEEM

The investigated structure is a gold bowtie nanoantenna on
an indium tin oxide (ITO) coated glass substrate fabricated
with standard electron beam lithography. The single antenna
arms consist of triangular-shaped nanoprisms with a thickness
of 40 nm and equilateral sides with a length of 350 nm and a
gap width of 100 nm. The scanning electron microscopy image
[Fig. 2(a)] shows the investigated structure. Small defects and
irregularities on the structure edges are caused by the fabri-
cation process. The PEEM image under UV light excitation
(hν � 4.9 eV) in Fig. 2(b) shows the one-photon photoemission
(1PPE) pattern of the bowtie antenna. The emission across the
Au surface is rather homogeneous and shows a high contrast to
the emission from the ITO substrate. The excitation at 4.9 eV
is far detuned from collective resonances of the Au bowtie
antennas. The uniform photoemission reflects a homogenous
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FIG. 2. Comparison of bowtie structure and one-photon pho-
toemission pattern. (a) Scanning electron microscope image of the
bowtie nanostructure. (b) One-photon photoemission (1PPE) pattern
for UV excitation (unpolarized cw excitation with a cutoff energy of
4.9 eV).

distribution of the internal field. The 1PPE pattern is therefore
used to localize the nanoprisms and to visualize the outline of
the nanostructure in the recorded multiphoton PEEM patterns
(see Fig. 4).

D. Field simulation method

The simulations are performed with the commercial soft-
ware package CST MICROWAVE STUDIO based on the finite
integral method (FIM).18,19 The parameters used correspond to
those of the experimental structure, i.e., a prism side length of
350 nm and a gap between the triangular prisms of 100 nm. The
corners and edges of the nanoprisms are rounded with a radius
of curvature of 10 nm. We used a plane-wave excitation with an
angle of incidence of 65◦ to the surface normal in accordance
with the experimental conditions. The discretization mesh
step has been chosen to be 0.85 nm in the direct vicinity of
the structure; in the outer simulation volume, a bigger mesh
size up to 17 nm has been applied in order to reduce the
calculation time. The discretization size is sufficiently small
for a convergence and high accuracy of the algorithm. This
has been checked with an adaptive mesh optimization that
logs the total cross section with every simulation run. The
optimum mesh-size configuration has been reached when a
predefined convergence criterion has been met. The criterion
here uses the deviation of the total scattering cross section
between two sequential mesh-refinement runs of less than 1%.
The excitation spectrum has been set to cover the spectral range
from ν = 300 to 450 THz (corresponding to λ = 1000–660 nm)
with a Gaussian envelope, centered at 375 THz and 80 THz
full width half maximum (FWHM). For the calculation the
dielectric properties of the structure material (gold) are taken
from the experimental data from Landolt-Boernstein20 and
have been fitted with a polynomial expression of the order of
6. The maximal deviation of the fitted curve lies in the range
of less than 2.5%. The nanostructure has been modeled to
sit on an ITO substrate. Also, the material properties of ITO
have been taken into account as for the metal structure.21 The
substrate has been chosen large enough to reduce artifacts from
reflections caused by an insufficient efficiency of the perfectly
matched layer at the boundaries.

The response of the structure to an illumination with the
broadband wave has been logged at certain points of interest.
Figure 3 shows the response at a single corner of the bowtie
structure for TM and TE excitation about 0.5 nm below
the metal surface inside the material. We show the response
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FIG. 3. (Color online) Simulated near-field response (z compo-
nent) recorded at a single corner of the left nanoprism for TE (red
dashed line) and TM (black dash dotted line) polarized excitation of
a bowtie nanoantenna. The blue dotted line shows the response at
the gap corner of the right nanoprism. The shadowed area shows the
bandwidth (FWHM) of the laser pulses used with a maximum at λ =
795 nm (yellow solid line). The inset sketches the points of interest.

inside the metal as only the internal field is relevant for the
photoexcitation into intermediate bound states and thus also
dominates the multiphoton photoemission process. We focus
our investigation in this work on the near-field interference
and show therefore in Fig. 3 the local response only at the
outer corner of the bowtie structure where we present the
interference effect later on.

The local field components Eα
loc,i (r,ω), with α ∈ {x,y,z},

as derived from the FIM calculations for TM- and TE-polarized
illumination are composed like in Eq. (3) to simulate a
simultaneous excitation with TM and TE polarization. The
influence of the interference term [the term on the right-hand
side of Eq. (1)] is investigated by a variation of the phase
difference between the two independent excitation fields, as
will be discussed in detail in Sec. IV C.

IV. RESULTS AND DISCUSSION

A. Near-field modes: Experiments

Applying a femtosecond laser pulse to the nanostructure
as shown in Fig. 2 with a photon energy of hν = 1.55 eV, a
hot-spot-like photoemission pattern is observed [see Figs. 4(b)
and 4(c)]. The emission pattern no longer follows the shape
of the nanoantenna but is now localized in distinct regions
of the structure depending on the polarization state of the
incident light. Note that the comparison with 1PPE images
[see Fig. 4(a)] obtained under UV excitation and the identical
settings of the PEEM apparatus allows determining the
exact position of the hot-spot photoemission on the structure
(outlines in Fig. 4).

For TM-polarized excitation an emission maximum in the
gap region is clearly resolved [Fig. 4(b)]. The unambiguously
located nanostructure outline in this emission pattern shows
that the emission maximum is centered at the tip of the
right nanoprism rather than in the middle of the gap. In
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FIG. 4. Photoemission pattern from the bowtie antenna. (a) 1PPE
pattern (off-resonant) obtained under UV excitation using a mercury
lamp. (b) 3PPE pattern under TM-polarized laser pulse excitation
reveals strong photoemission from the antenna gap and a weak
photoemission at the corners of the left nanoprism. (c) 3PPE pattern
under TE-polarized laser pulse excitation shows weak photoemission
from the corners of the left nanoprism. The laser beam comes from
the right side and is indicated by the parallel k vector component k‖.

addition to this strong “gap emission” in Fig. 4(b), smaller
emission maxima appear at the outer corners of the triangular
nanoprisms. Interestingly, these weak photoemission maxima
appear at the left nanoprism only. This asymmetry is attributed
to the non-normal illumination condition, i.e., the parallel
component k‖ of the incident light is directed toward the left.
Due to the non-normal incidence of the light and the size of
the structure, which is in the order of one wavelength of the
light, the response of the nanostructure is influenced by the
retardation effect.

Under TE excitation [Fig. 4(c)] the emission pattern of
the nanoantenna changes significantly. The gap area of the
bowtie structure exhibits no emission. Only the upper and
lower corners of the left triangular nanoprism appear to be
weakly pronounced. The yield at the corners of the left
nanoprism is under TE excitation with the same laser intensity
about ten times weaker than for TM excitation. The intensity
dependence of the total photoemission yield indicates that at
least a three-photon process is responsible for the detected
emission, i.e., the yield scales with the sixth power of the
electric field. Therefore, the electric fields at the corners of the
left nanoprisms are still of the same magnitude, although we
observe a strong difference in the photoemission signal.
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FIG. 5. (Color) Simulated field distribution on the surface of the
gold nanostructure at a wavelength of λ = 795 nm. The illumination
geometry is as in Fig. 1, with the light coming from the right side
as indicated by the arrow denoted with k||. (a) Relative amplitude
of the local electric field and (b) its z component for TM-polarized
illumination. (c) and (d) Relative amplitude and z component for
TE-polarized illumination. (e) and (f) Sixth power of the simulated
field (Ez component) in logarithmic scale to qualitatively compare the
distribution with PEEM images from a 3PPE process. The incident
field has an amplitude of 1 V/m.

For the following discussion it should be emphasized that
there is no obvious difference in the photoemission yield
between the upper and the lower outer corners of the left
nanoprism. For purely linear polarized TM or TE light this
behavior is fully expected because of the symmetry of the
nanostructure. As will be shown later in this work (see
Sec. IV C), this changes dramatically when the excitation field
simultaneously contains TM and TE components.

B. Near-field modes: Simulations

Figure 5 shows the calculated field amplitude on the surface
of the gold nanostructure for the wavelength of λ = 795 nm.
The excitation light comes from the right side under an angle
of 65◦ to the surface normal, where k|| indicates the vector
component parallel to the surface. Figures 5(a) and 5(c) present
the absolute value of the field for TM and TE excitations. The
field is dominated by the z component of the electric field
on the surface of the metallic structure proven in Figs. 5(b)
and 5(d). The contour plots in Figs. 5(a)–5(d) are shown on
the same linear scale. The direct comparison reflects that the

overall induced field amplitude under TE-polarized excitation
is much weaker in the gap area of the bowtie structure and
slightly weaker in the area around the edges as compared to
TM excitation. For TM excitation [see Figs. 5(a) and 5(b)] a
strong field enhancement occurs in the gap area of the bowtie
antenna and at the corners of the prisms. As can be seen
from Fig. 3, the gap mode resonance has its maximum at a
wavelength of 825 nm. The center wavelength of the laser pulse
is therefore blue shifted to the structure resonance. The slightly
off-resonant excitation of this mode leads only to a moderate
field enhancement, and thus, the effects of the corner and edge
modes can still be resolved in the multiphoton photoemission
pattern. Figures 5(c) and 5(d) show the spatial distribution
for the total electric field strength and its z component in the
case of TE-polarized excitation. In contrast to a TM-polarized
excitation, the structure does not show a clear resonance peak
in the response function for TE polarization but is rather flat
in the interesting wavelength range (compare Fig. 3).

To qualitatively compare the calculation with the PEEM
results, it is necessary to consider the nonlinearity of the 3PPE
process. Figures 5(e) and 5(f) show therefore the sixth power
of the calculated electric field (Ez component) and thus should
correspond qualitatively to the emission pattern generated
in a three-photon photoemission process. The spatial field
distributions in Fig. 5(e) and 5(f) are plotted on logarithmic
scale as they cover a huge dynamic range.

The calculated distributions show good agreements with
the PEEM patterns (compare Fig. 4). Figure 5(e) shows
the simulated nonlinear emission pattern for a TM-polarized
excitation. The strong field in the gap area of the bowtie
structure is about one order of magnitude larger than at the
outer corners of the right nanoprism. The experimental PEEM
pattern [see Fig. 4(b)] shows, in good agreement with that for
TM polarization, a strong peak signal in the gap area located
at the tip of the right nanoprism that is about a factor of 30
higher than the two weak signal peaks at the outer corners of
the left nanoprism. In contrast to the simulated distributions,
we do not see a photoemission from the basis edge on the left
side and from the edges of the right prism.

The calculated distribution for TE-polarized excitation [see
Fig. 5(f)] is also in good agreement with the experimental data
in Fig. 4(c). The measured photoemission signal is very small
except for the outer corners of the left nanoprism. This is also
seen in the calculated distribution, i.e., only the outer corners
of the left prism show a pronounced field.

C. Optical near-field mode interferences in bowtie
nanoantennas

In the following we show experimentally as well as in
simulation that the superposition of the near fields leads to
a phase-sensitive intensity distribution that is determined by
the interference term in the intensity profile. A Mach-Zehnder
interferometer is used to coherently superpose two laser pulses
with cross-polarized electric fields as described above. Chang-
ing the optical path length of one of the beams on a nanometer
scale corresponds to a relative phase shift between both pulses
and thus also between the two polarization components. So the
actual polarization state of the incident light can be controlled.
The center wavelength of both laser beams is λ = 795 nm,
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FIG. 6. (Color) (a) Control scheme for manipulation of the
near-field distribution with two cross-polarized laser pulses. (b)
Switching of the photoemission maxima at the outer corners of the
left nanoprism. (c) Simulated 3PPE pattern in logarithmic scale.
The images show the resulting intensity distribution after a linear
superposition of the calculated field distributions for TM- and
TE-polarized excitation with a relative phase of +π /2 and −π /2,
respectively, i.e., left and right circular polarized light.

and the corresponding oscillation period of the electric field is
2.66 fs. The delay control between the two laser pulses with
the delay stage used is achieved via discrete delay steps �τ of
about 0.66 fs. A two-step variation of the path length changes
the phase between the TM- and TE-polarized laser pulses cor-
respondingly by about �� = π . Note that the absolute phase
between both interferometer arms is unknown in the present
experiment.

Figure 6(b) shows the experimental results of the interfero-
metric superposition of TM- and TE-polarized lasers. The two
PEEM images represent two different time delays between
the two laser pulses. The photoemission signal from the tip
at the antenna gap does not change significantly when the
time delay between the pulses is changed. In contrast, the
photoemission signal changes from the lower to the upper
corner of the left nanoprism when the delay is changed by
1.33 fs. This corresponds to an additional phase of �� = π

between the two polarization components [compare Eq. (3)].
The photoemission signal is related to the local field strength.
Thus, the switching in the photoemission pattern reveals
that the local excitation depends on the relative phase of
the two polarization components. We therefore attribute the

local emission switching to either constructive or destructive
interference of the local fields excited by the two orthogonal
far-field polarization components. An efficient change in the
local intensity can only be reached if the interference term
in Eq. (1) has a magnitude similar to the local intensities
generated by the two components independently. This is only
the case if the superimposed fields are of the same order of
magnitude. As can be seen from Figs. 4 and 5, this is only
fulfilled at the outer corners of the left nanoprism. In the gap
area, there is no significant field for TE polarization, and so
no interference between the TE and TM mode occurs. The
PEEM experiments [Fig. 6(b)] and the numerical simulation
[Fig. 6(c)] agree perfectly if one considers that the calculated
distribution must be convoluted with a spatial resolution of the
PEEM of about 40 nm.

The calculated field distributions shown in Fig. 6 combined
with the complex phase of the field already contain all
the information necessary to reproduce the phase-sensitive
behavior of the photoemission pattern when changing the
relative phase between TM and TE excitation. According to
Eqs. (2) and (3), we used the complex form of the electric
field to calculate the near-field distribution for a combined
excitation with TM and TE polarization. A variation �� of �

changes the polarization state of the incident light and therefore
also affects the nanostructure excitation. Figure 6(c) shows the
third power of the intensity of the z component of the local field
after superposing the calculated field distributions for TM-
and TE-polarized excitation with relative phase differences of
� = +π/2 and � = −π/2. One can see that the high yield at
the outer corners of the left nanoprism moves from the lower to
the upper side as the phase relation is changed by an additional
phase difference of �� = π . We interpret this as the result of
the interference of two local fields at the edges of the prisms
that are generated by two orthogonal polarization components.
Note that this is a proof of principle experiment done on a
geometrical simple nanostructure. A relative phase difference
�� = π between the two independent light polarizations
results for an initial � = −π/2 in switching from left to
right circular polarization. Indeed, a test experiment by means
of an excitation with circular polarized light generated with
a quarter wave plate results in the same local near-field
distributions.

V. CONCLUSION AND OUTLOOK

In a proof of principle experiment we experimentally
demonstrate the impact of optical near-field interference on
the local excitation in a nanostructure, i.e., a gold bowtie
nanoantenna. Simple phase-sensitive interferometric super-
position of two laser pulses with crossed polarizations (TM
and TE modes) allows the switching of the local excitation
between the upper and lower corners of one particular
nanoprism of the antenna structure. Each polarization induces
a symmetric photoemission behavior. If the structure is
illuminated simultaneously with TM- and TE-polarized laser
pulses, the coherent interaction of the different local modes
leads to an effective field distribution that strongly depends
on the relative phase �. This dependency can be visualized in
terms of switching the photoemission localization by changing
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the relative phase between the two laser pulses. The scalar
product of the induced local fields for TM and TE excitation
has a magnitude similar to the local field intensities of
TE- and TM-induced fields independently and thus gives
rise to a high contrast between constructive and destructive
interference of local fields. Numerical field calculations
support our interpretation of the intensity switching as a
near-field interference effect based on the phase-sensitive
superposition of independent near-field modes. Note that this
effect is not limited to this specific nanostructure geometry
of a bowtie antenna to observe near-field interferences. The
only requirement is the existence of different modes that
can be addressed by independent far-field components of the
electric field and that result in a similar local electric field
strength.

The presented experiment demonstrates a simple imple-
mentation of a control scheme for the optical near-field
distribution of a plasmonic nanostructure. This technique is
an easy approach to gain insight in the interaction of local
excitations in order to optimize the nanostructure design and
analyze their near-field properties.
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