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Abstract

Nihon University, KEK, and TOYAMA CO., Ltd. have been developing a coherent X-ray source based on the
compact linear accelerator. This coherent X-ray means parametric X-ray radiation that can cover the X-ray energy from
3 to 25 keV. This features quasi-monochromaticity, directivity and a diffraction large angle for the incident beam. A
coherent X-ray is expected to be useful in a wide range of fields, for example crystal structure analysis, treatment of
cancer and X-ray imaging. The concept of this X-ray source is compact and low radiation level at the beam dump.
Therefore, in the accelerator, the decelerating structure has been employed for reduction unwanted radiation. Moreover,
to achieve the accelerating gradient 55 MeV/m, rf system forms a resonant ring. We calculated the buildup power and

beam loading in this rf system. The beam loading correction is proposed in this paper.
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Figure 1: Layout of the coherent X-ray source.
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Table 1: Parameters of the Coherent X-ray Source

Beam energy 75 MeV
Klystron peak power 50 MW
Acceleration frequency 5712 MHz
Operating temperature 20 K
Quality factor Q (20 K) 70000
Shunt impedance (20 K) 536 MQ/m
Attenuation constant 0.03
Filling time 167. 2 ns
Cavities length 1.3 m
Acceleration gradient 55 MeV/m
Pulse repetitions 50 Hz
RF Pulse length 3.5 us
Peak Current 200 mA
Average Current 35 Us
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Figure 2: Beam optics between buncher and
decelerating structure. (a) beta function, (b) dispersion
function, (c) beam size. Aqua, green, and yellow
colored parts are the accelerating and decelerating
structures, the quadruple magnets, and the bending
magnets, respectively. Black arrows show the collision
point.
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Figure 3: Electron beam bunch length at buncher exit,
collision point, and decelerating structure.
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Figure 4: RF system of the injector. Red and black

colored thick lines show the transport line and resonant
ring, respectively.
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Figure 5: Comparison of input [;ower buildup for the
coupling factors in the resonant ring.
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Figure 6: Comparison of energy gain buildup for the
coupling factors in the resonant ring.
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Figure 7: Beam power vs. coupling factor
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Figure 8: Energy gain with and without beam loading.
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Figure 9: Beam energy gain with the beam loading
compensation.
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