
The nonlinear electron scattering spectroscopy of the surface plasmon resonance 

for Au nano-structures on graphite surface 

Xu ChunKai*† 1, Li Meng*, Li ZheAn*, Luo Yi†‡ and Chen XiangJun*† 2 

*Department of modern physics, University of Science and Technology of China (USTC), Hefei, 230026, China, 
† Hefei National Lab for Physical Science at Microscale and Synergetic Innovation Center of Quantum Information Quantum 

Physics, University of Science and Technology of China, Hefei, 230026, China, 
‡ Department of Theoretical Chemistry and Biology, Royal Institute of Technology, S-106 91 Stockholm, Sweden. 

Synopsis The electron energy loss spectra of Au nanostructures on graphite surface have been measured at dif-

ferent tip voltage and tip-sample distance by a home-made scanning probe electron energy spectrometer. The 

nonlinear electron scattering is observed during the excitation process of Au surface plasmon polariton, indicat-

ing that the nonlinear electron scattering could be a common process for the surface plasma excitation of noble 

metal nanostructures. 

Spectroscopic techniques are the basic tools for 

us to study the chemical properties and processes at 

the microscopic level. In order to fully understand 

the properties of the matter at the nanoscale, it is 

highly desirable to develop spectroscopic tech-

niques with high spatial resolution. In this context, 

the electron energy loss spectroscopy in combina-

tion with scanning tunneling microscopy can be 

regarded as the perfect candidates to meet such de-

mands [1-3]. However, the inelastic electron scatter-

ing probability is known to be very small and it thus 

possesses a huge technical challenge for high reso-

lution measurements. This problem may be solved 

by recent discovery of a new physical process, 

named nonlinear electron scattering (NES), in 

which the intensity of the inelastic scattering elec-

tron signal can be nonlinearly enhanced by the ex-

ternal electric field [4]. Since the previous experi-

ment of NES is carried out only for one sample, 

which is silver nanostructures on graphite, more 

experiments on different samples are required to 

further confirm this discovery and figure out its 

principle.  

In this work, we carried out the NES experi-

ments on gold nanostructures on graphite surface by 

a home-made scanning probe electron energy spec-

trometer [2]. Electron energy loss spectra (EELS) 

have been acquired at different tip voltage under 

two different tip-sample distance, 166 m and 80 

m, respectively. The relative intensity, which is 

defined as the area ration of the energy loss peak 

due to Au surface plasmon polariton (SPP) excita-

tion to the elastic scattering peak in the EELS, is 

shown as a dependence of tip voltage in figure 2. It 

is revealed that the intensity of the Au SPP excita-

tion increases nonlinearly with respect to the exter-

nal electric field, similar to the previous work on 

Ag nanostructures [4]. However, the relative intensi-

ty is weaker compared to that of Ag nanostructures.  

This result provides evidence that the NES pro-

cess could be a common phenomenon during the 

SPP excitation process of noble metal nanostruc-

tures. Furthermore, the different behavior of NES 

for Ag and Au samples may due to the different 

properties of the excited surface plasma oscillation 

of Ag and Au nanostructures, such as localized 

electric field, dipole moment, polarizability, etc. 

This may in the future provide a way to study these 

properties of the SPP, which is very important but 

hardly to be investigated due to the ultra-short 

damping time of surface plasma.   
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Figure 1. The relative intensity of the Au SPP exci-

tation with dependence of the tip voltage at tip sam-

ple distance 80 m (a) and 166 m (b) respectively. 
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