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S1 Estimation of wire diameter from optical contrast
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Figure S1. Optical contrast versus wire diameter. Optical images of nanowires were obtained using wide-
field optical transmission microscopy (gray scale in 0.5-1 range) and their diameters were measured using
low vacuum SEM (green bar = 500 nm). The data is well fit by a linear curve and the diameter can be
estimated by a D=567(£55)-C+36(£22) formula, where, D is the diameter in nm and C is contrast, defined
as (1-I,;,). The diameters of the ‘thin’ and ‘thick’ wires presented in the main text were estimated to be

93423 nm and 320£35 nm, respectively.



S2 Dipole near interface

The problem of light emission from a dipole located near a flat dielectric interface has a
long history 153 The radiated intensity can be found from the far-field properties of the
dyadic Green's function. Figure S2 shows calculated Fourier images, 1(0, ¢) in the
notation of Ref. 5°, for a single dipole as a function of its orientation and distance to the
interface. Note that (i) the light emission is concentrated near the critical angle 6,; (ii) the
forbidden light (8 > 6.) decreases rapidly in intensity as the dipole-interface distance
grows and (iii) the dipole orientation strongly affects the radiation pattern. However,

none of the patterns exhibit unidirectional emission.
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Figure S2. Fourier images of a point dipole source located at various distances and with various
orientations with respect to an air-glass interface. The dipole radiates at A=633 nm. The top row shows
dipoles oriented parallel to the interface but at different distances from the interface. The bottom row shows
dipoles at a distance of A/10 from the interface but oriented differently. Two distinct lobes at the critical
angle appear in accordance with the dipole polarization. The outer radius of the Fourier plane corresponds

to NA=1.49.



S3 Chain of dipoles near an interface

In contrast to the single dipole patterns, Figure S3 shows strongly directional radiation.
These are Fourier images obtained when a chain of 10 equally spaced identical dipoles
oscillate with the same frequency but different phases to mimic a propagating plasmon.
The dipole moments are thus modulated by a phase factor exp(iky,,x;), where kg,, =
2/, corresponds to the plasmon wave vector and x; is the dipole position along the
chain. The intensity Iy resulting from N = 10 dipoles is then given by the single-dipole

intensity 1(0, ¢) modulated by a structure factor 1S(0, ¢)I*

1IN0, §) =180, §P 10, ), (S1)
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S(6’, ¢) _ %ei(kw, —nk sin € cos @) x; i (SZ)

n is the glass refractive index, and k = w/c. The fringes seen in all images in Figure S3
result from the fact that S only depends on the x coordinate in the Fourier plane. At the
same time, one can also see traces of the circular patterns of Figure S2 originating from
1(8, ¢). The structure factor is the main cause for all the primary maxima seen in Figure
S3. For Ay, = 570nm the primary maximum of IS”* due to constructive interference
between all the dipoles runs through the forbidden part of the Fourier plane, 8, < 8 < 90°.
For Ay, = 400nm the primary maximum of ISI* falls further to the right in the Fourier
image, in the part corresponding to evanescent waves, outside 6 = 90°. But since the
chain of dipoles is finite, this interference fringe has a tail at 8 < 90° that gives rise to the

maxima in the Fourier images in this case.
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Figure S3. Fourier images of a chain of dipoles (N = 10) in air at a distance of A/10 above a glass interface

5=1/10

at A=633 nm. The phase retardation between the dipoles is defined according to a surface plasmon
wavelength of Agpp=570 nm for the top row and Agpp=400 nm for the bottom row. These plasmon
wavelengths correspond to the thick and thin wires cases from the infinite metal cylinder model (see Fig. 3
(c, d) and paragraph S5 below). The length of the dipole chain is taken to be 1 micron. Three different

dipole orientations are shown.



S4 Aperture translation and polarization imaging
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Figure S4. Demonstration that the directional light comes from the length of the wire rather than from the
tip for a thick and a thin wire case. Top row shows bright field images with two positions of the aperture
along the wires and a fully opened aperture. The second and third row of images show emission polarized
parallel and perpendicular to the wires when they are excited by focused unpolarized white light at the
input (top) end. The two lower rows of images show the corresponding Fourier images. All images are

shown in the same intensity scale.



SS Fabry-Perot resonator and infinite metal cylinder model.

In order to retrieve the dispersion relation for metal wires from the spectral information,
we utilize the Fabry-Perot resonator model according to ref ***°. The maxima in the
emission spectra correspond to constructive interference between forward and backwards
propagating plasmons, meaning that an integer number of half plasmon wavelengths fit in

a resonator of length L >*°. Thus, the plasmon wavevector kg 1s given by:

m — m
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where n is the mode order and ¢, is the phase shift upon reflection at the wire ends. The
phase shift can be neglected in the present case because n>>1, but is important for short
wires and/or for very long wavelengths *®. Note that both even and odd resonances are
excited in the present case as the symmetry is broken by the oblique illumination (the

wave vector thus changes by Ak~ z/L between successive spectral maxima). Since the

sop
length L of a wire that produces a certain standing wave pattern is known, the dispersion
relation can be reconstructed if we can specify n, see Figure S5 for a graphical
illustration. One can find n with a quite high degree of certainty if we first note that the
slope of the dispersion curve, i.e the group velocity, at a certain frequency is independent

of k due to Eq. S3 (i.e. v, ~/ Aw). Specifying n thus corresponds to translating the

dispersion curve along the k-axis such that it approaches @=0 in the limit k,,=0 for all
dielectric environments measured. The choice of n is further restricted if we note that the
experimental dispersion curve for the uniform surrounding (oil/glass) should match the
plasmon dispersion for an infinite silver cylinder with the same diameter reasonably well.
The latter is known from wave guide theory and the propagating TM0O modes are given
by 10

e J(kR) g H'R)

M = (54)
KR J(R) K,R H ~(k,R)

where J, and Hn(l) are  cylindrical Bessel and Hankel functions,

Koy =k \/ Eqy —(ky,, ! k,)’ , ¢is real part of the dispersive dielectric constant of silver, &

is the dielectric constant of the environment, ky is the vacuum wave vector and R is the

wire radius. By solving (S4) numerically with respect to k,,, using experimental values



for &(\) S one obtains a dispersion relation for the wire. In Figure 3(c-d) in the main
text, the solution for the D=80 and D=320 nm silver wires is shown in various
homogeneous media. The agreement between experimental and simulated dispersion

curves is apparent.
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Figure S5. Sketch of the methodology for retrieving the dispersion relation curve from the standing wave

pattern.
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