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Abstract

Most of radiobiology experiments are done in the limited conditions, such that machine time is limited and that
the area is treated as radiation controlled area. Our laboratory is aiming for developing a table-top electron micro beam
source for radiation biology, whose beam size is micrometer order so that we can irradiate just the nuclei of cells (~1pm)
and observe the behavior in real time. This beam source will be realized by dielectric laser accelerators (DLAs), which
is expected to produce acceleration gradients of ~GV/m. To drive these accelerators, femtosecond pulse laser (~GW)
has to be incident to the structure. For this laser, we chose Ytterbium(Yb) laser, which has high quantum efficiency and
high thermal conductivity, and is proper to produce ultra short pulse because it has wide range spectrum of oscillation
band. We succeeded in getting ultra short pulse (central wavelength: 1030nm, average output: 10W, pulse width: 100fs,
reputation rate: 84MHz) from Yb fiber laser system. Also in order to make electron beam source by making ultraviolet
laser incident into photocathode, we then converted the obtained infrared laser (1030nm) to 258nm (4w) using BBO and
LBO non-linear crystals.
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Table 1: Required Laser Spec for DLA and Photo Cathode

for DLA(1MeV) | fiber laser target | for photo cathode
Central wavelength lum 1030nm 258nm
Pulse energy 0.1mJ ] /
Peak power 500MW 20W /
Pulse width (FWHM) 200fs 100fs /
Reputation frequency 50kHz 10MHz /
Average power SW 20W 100mW
Fiber laser Cell size: ~10um Oscillator
Nucleus size: ~1Um l
0.5m
Photo Cathode
375mW EO 225mW 525mW
Amplifier Module Amplifier Amplifier
<—P
Single clad Yb Fiber Laser Amplifier System
1m

Beam size: ~1Um

DLA
{a few millimeters)

Figure 2: Schema of cell irradiation.
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Double clad Yb Fiber Laser Amplifier System

Figure 3: Outline of fiber laser system.
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Figure 4: Signal from Yb fiber laser oscillator.
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Figure 5: Result of the first SHG(2w).
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Table 2: Result and Target of Yb Fiber Laser System
’ ‘ Result ‘ Target ‘

Central wavelength 1030nm | 1030nm
Pulse energy 0.15uJ 2ud

Reputation frequency | 84MHz | 10MHz
Average power 13W 20W
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Figure 6: 1060nm amplification by Yb double clad fiber.[*!

Figure 7: Photograph of Yb fiber laser system.
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