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ERL: BASIC DESIGN OF THE X-RAY RADIATOR

BN A%5 =, ik 55 P,

e AR O,

LA, ek vl ©

Yasushi Hayakawa*#), TIsamu Sato®, Hisataka Takenaka®, Chibon Hyon®, Katsumi Endo®
A)Laboratory for Electron Beam Research and Application, Institute of Quantum Science, Nihon University,
Narashinodai 7-24-1, Funabashi 274-8501, Japan
B) Advanced Research Institute for the Sciences and Humanities, Nihon University, Goban-cho 12-5,
Chiyoda-ku, Tokyo 102-8251, Japan
C)Toyama Co., Ltd., 4-13-16, Hibarigaoka, Zama, Kanagawa, Japan

Abstract

The development of spatially coherent X-ray generator based on the compact energy recovery linac (ERL) has been
studied in collaboration with Nihon University, High energy accelerator research organization (KEK) and Toyama. In this
novel source, parametric X-ray radiation (PXR), which is a radiation phenomenon caused by the interaction between a
charged particle and a crystal medium, is used for X-ray production. Thus, a thin crystal plate such as silicon or diamond
irradiated with the electron beam from the ERL acts as an X-ray radiator. Since the acceptance of the deceleration tube
restricts the emittance growth of the electron beam at the radiator, we define the maximum thickness of the radiator
crystal as 0.2 mm. Under this condition, the properties of the available PXR beam were investigated using Monte Carlo
simulations. The results show possibility of X-ray photon rate higher than 10° /s when the electron beam current is 30 jA.
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Figure 1: (a) Energy spectra of electrons after passing
through a 0.2-mm-thick target of silicon or diamond; (b)
Angular distributions of the electrons after passing through
the target.
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Figure 2: Dimensional parameters of the silicon target
crystal.
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Figure 3: The maximum temperature at the target caused
by the ionizing loss of the electron beam in a macropulse
duration, where the electron rms radius is a parameter.
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Figure 4: Drawings of the appearance of the vaccum cham-
ber and the goniometer for the radiator crystal.
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Figure 5: The spatial distributions of the PXR intensity (a)
and the PXR energy (b) observed at a 1-m distance from a
0.2-mm-thick Si(111) target when the Bragg angle is 10°.
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Table 1: Energy Range of PXR Extracted from Each Exit Window

Exit Bragg angle Si(111) Si(220) Si(311) C(111) C(220)
Laue-case window 8-41° 30-14keV  49-23keV  57-27keV  46-21keV 75-35keV
Bragg-case window 49 —82° 20-2.6keV 32-43keV 38-50keV 3.1-40keV 50-6.5keV
High energy port 3° 37 keV 61 keV 72 keV 57 keV 93 keV

Figure 6: The spatial distributions of the PXR intensity (a)
and the PXR energy (b) observed at a 1-m distance from a
0.2-mm-thick Si(111) target when the Bragg angle is 3°.
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Figure 7: The PXR yield normalized by of 1-uA electron
beam as functions of the PXR center energy.
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