
 

 

Abstract—Our recent efforts suggest that th
electromagnetic field enhancement in our r
metallic metamaterial. Of particular import
potential for the realization of compact terah
lasers (THz-FELs) using this structure. We pres
of controlling electromagnetic field enhanceme
one of the main issues in developing the com
Moreover, switching and sensing abilities of th
also be investigated for other metal-based THz
numerical and experimental works will be 
conference. 

I. INTRODUCTION AND BACKGRO

etallic metamaterials have been of grea
last decades because of their an
properties [1]. Perfect transmission of 

array of sub-wavelength aperture [2,3] and g
acting like a dielectric slab waveguide [
phenomena below diffraction limit. The physi
behaviors stems from localization of electrom
metallic metamaterials. An important fact is 
the electromagnetic field confinement 
sub-wavelength metallic structures. 
 Utilization of the optical properties 
metamaterials for cathodoluminescence 
developed such as Smith-Purcell and Cerenk
These phenomena have been considere
applications for compact THz-FELs. Excitatio
of Cerenkov radiation in metallic metamateri
proposed [6,7]. Despite the clear insight i
origin, the possibility of distributed feedbac
coherent radiation has not been fully understo

We present our recent progress on the no
compact THz-FELs using metallic metamate
that the electromagnetic field enhancement 
metallic metamaterial can be controlled by 
factors. Optimizing the quality factor by prop
geometrical factors, we have observed the 
structure for the compact THz-FELs usin
codes. The numerical and experimental works
in the conference. 

II. ELECTROMAGNETIC FIELD ENHANCE
INCOMING ELECTROMAGNETIC W

Fig.1(a) depicts a schematic view of the r
metallic metamaterial [7]. In order to ca
enhancement, a finite-difference time-do
employed. A normal incident p-polarized Ga
center frequency of which is about 0.35THz, i
electromagnetic energy confined in the structu
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periodic array of pre-bunched electrons. The 
space-charge mode is fixed and electr
increasing speed inside the structure is measu
electron energies as shown in Fig. 2 (a). The in
a contour view of electric field in the directi
surface of the structure, excited by 10KeV 
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with spectral order , /  is the d
space-charge mode and  is the velocity of e

Fig. 2. (a) Left: Field increasing speed within slits wi
of incoming electrons. Right: contour view of the n
electric field component parallel to the structure. (blue
for negative) (b) Dispersions of the electromagnetic m
and space-charge mode of electron beam. 
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V. CONCLUS

In conclusion, the metallic metam
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