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The localized surface plasmon resonances (LSPR) investigations of nanoscale metal particles have been 

widely expanding in chemical and biological sensing
 
[1], surface-enhanced raman scattering (SERS) [2], 

waveguiding [3], etc.  LSPR resonance energies are highly sensitive to the shape, size, and composition 

of the plasmonic materials and the surrounding dielectric environments [4]. Tuning of the plasmonic 

energies is important for the design of metal nanostructures capable of providing large electric field 

enhancements at the hot spots for surface-enhanced spectroscopies [5] and biological sensing. Metallic 

nanorods (NRs) are among the most popular highly tunable plasmonic nanostructures because their 

plasmon resonances in both the longitudinal and transverse directions depend on the aspect ratio of the 

NRs (the ratio of the long to short axes) [6]. The nanorod dimer provides an alternate way to tune the 

plasmonic energies and generate hot spots according to plasmon hybridization theory [7]. Nanoscale 

imaging of the hot spots is critical for nanophotonics applications. Photon-induced near field electron 

microscopy (PINEM) developed within ultrafast electron microscopy (UEM) enables scientists to 

capture the evanescent electromagnetic field on its intrinsic time scale (picoseconds) on the nanometer 

scale [8, 9]. In PINEM, the free electrons gain or lose quantized photon energy when electrons 

spatiotemporally travel through the plasmonic field near the nanostructures. PINEM images formed by 

those electrons gaining photon energy are used for plasmonic field imaging in UEM at the nanometer 

scale. 

 

Figure 1a shows a bright field image of one single Au nanocapsule (GNC) with a Au shell and Au solid 

core. Figure 1b and 1c are two PINEM images recorded at the delay time of t=0 ps under 1030 nm 

optical excitation with light polarization directions parallel to and perpendicular to the long axis of the 

GNC, respectively. Figure 1b shows electric field enhancements (hot spots) at the two tips of the GNC. 

The field enhancements are quite weak at the tips in Figure 1c because the longitudinal plasmon 

resonance of the GNC is close to 1030 nm and the transverse plasmon resonance is around 530 nm [10]. 

However, for the dimer of two side-by-side GNCs in Figure 1d under 1030 nm optical excitation, the 

PINEM image in Figure 1f under transverse light polarization excitation shows similar field 

enhancements at the tips compared with the PINEM image in Figure 1e under longitudinal light 

polarization excitation. In contrast with a single GNC in Figure 1c, the transverse plasmon energies of 

the GNC dimer in Figure 1f is highly tuned according to the nanorod dimer plasmon hybridization, in 

which the hot spots of the plasmonic field are clearly imaged by UEM with high spatial resolution. The 

nanoscale understanding of the electric field enhancements (hot spots) in plasmonic nanostructures by 

UEM is critical for advancing biological sensing and SERS methods [11]. 
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Figure 1.  a, Bright field image of one Au nanoapsule.  b and c, PINEM images of the Au nanocapsule 

obtained at the delay time of 0 ps with different light polarizations, respectively. d. Bright field image of 

one Au nanocapsule side-by-side dimer. e and f, PINEM image of the Au nanocapsule dimer with 

different light polarizations. The optical excitation wavelength is 1030 nm. The arrows in above images 

indicate the light polarization directions. The laser fluence is 1.3 mJ/cm
2
. The scale bar is 200 nm. The 

false color in above images represents the PINEM image intensity for clear visualization of the 

plasmonic field distributions. 
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