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Optical vortex modes, exhibiting a spiral wavefront, an annular intensity profile and 

orbital angular momentum, have been intensely investigated in various applications, 

such as an optical tweezer, quantum information processing, and laser ablation. 

Recently, we discovered that the wavefront helicity of the optical vortex can be 

transferred to melted metal through a laser ablation process, forming chiral metal 

nanoneedles [1,2]. These nanoneedles will open the possibility of new structured 

materials, such as chiral planer metamaterials. 

Several methods to directly generate the optical vortex mode from a laser cavity by 

using an annular shaped pumping method and an output coupler with a defect spot 

have been proposed. To date, we have produced a high-power optical vortex output 

from a side-pumped Nd doped vanadate bounce laser by utilizing a mode-dependent 

thermal-lens effect [3]. This laser is called a “side-pumped Nd:YVO4 vortex laser”. 

We have also successfully demonstrated a high power, pico-second vortex fiber laser 

formed by a stressed large-mode-area fiber amplifier in combination with a 

mode-locked Nd:YVO4 master laser [4]. This laser is also termed a “vortex fiber 

laser”. 

In this presentation, I review state-of-the-art vortex lasers, and I also address the 

chiral metal nanoneedles formed by the irradiation of the vortex lasers. 

[1] K. Toyoda, K. Miyamoto, N. Aoki, R. Morita, T. Omatsu, Nano Lett., 12, 3646 

(2012). 

[2] K. Toyoda, F. Takahashi, S. Takizawa, Y. Tokizane, K. Miyamoto, R. Morita, T. 

Omatsu, Phys. Rev. Lett. 110, 14 (2013) 143603. 

[3] M. Okida, Y. Hayashi, T. Omatsu, J. Hamazaki, R. Morita, Appl. Phys. B 95, 69 

(2009). 

[4] M. Koyama, T. Hirose, M. Okida, K. Miyamoto, T. Omatsu, Opt. Express, 19, 994 

(2011). 

 

APPC12  The 12th Asia Pacific Physics Conference

― 274 ―

C3-2-I4


