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Abstract

The Laboratory for Electron Beam Research and Application (LEBRA) at Nihon University has two beamlines connected
downstream of a 125-MeV electron linac. The first beamline has been used for a near-infrared free electron laser (FEL) and
the second one was built for a novel X-ray source based on parametric X-ray radiation (PXR). The PXR beamline has provided
monochromatic X-rays with tunability and good spatial-coherence for users studies, and various applications, especially ad-
vanced X-ray imaging, have been performed since the first-light of the PXR source in 2005. In addition to the X-ray source,
the PXR beamline has been used for the development THz-wave light sources. The THz-wave sources, which are based on
coherent edge-radiation (CER) or coherent transition radiation (CTR), can deliver intense THz-wave pulses of approximately
1 mJ macropulse power. The study on coherent Cerenkov radiation (CCR) is in progress to improve the radiation power of the
THz-wave source. For our next project on the PXR source, we have started the theoretical research on SiC crystals as PXR
radiators. Since the conventional PXR radiators of Si crystals have issues of the destruction due to electron-beam irradiation,
SiC crystals are one of the promising candidates with high heat-resistance.

Table 1: Specifications of the LEBRA-PXR Beamline
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Figure 1: Layout of the PXR beanline and the schematic ex-
planation for the PXR source and the extraction system of
THz-waves.
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Table 2: Specifications of the LEBRA-PXR Source

Electron energy 100 MeV
Bragg angle 30-5.5°
X-ray energy range:
Si(111) target 4.0 -20 keV
Si(220) target 6.5—-33.5keV
Si(400) target 9.1 —47.4 keV

X-ray photon yield ~107/s @ 17.5 keV
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Figure 2: left) The typical video capture image of the OTR
monitor for the PXR radiator crystal irradiated with the elec-
tron beam; right) The photograph of the target crystal with a
damaged edge.
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Figure 3: The thermal calculations of the target crystal dur-
ing the macropulse irradiation depending on the electron beam
size at the target.
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FET 5, ab\ot WHAIRSNE, ULD2LELNS, &
R E LTI SIiFEHEIVHIETRLF—D X R
HEP T, XMNEOH THHE ARV WS KR
BESLNZ eh s, Bt E &b, EEICA
HORTHEIRMER VB ONT,
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Table 3: The Theoretical Comparison of the PXR Properties from Si or 3C-SiC Double-crystal Systems at the Bragg Angle 15°

Crystal plane Si crystal 3C-SiC crystal
(hEkl) Energy [keV] Yield Energy [keV] Yield
(200) — forbidden 10.9 1.7 x 10~
(400) 17.6 4.0 x 1077 21.9 1.7 x 1077
(220) 124 3.1 x 107 15.5 1.6 x 1076
(440) 24.9 4.0 x 1078 31.0 1.4 x 1078
(111) 7.6 1.7 x 1075 9.5 1.5 x 107
(222) - forbidden 19.0 9.1x10°8
(333) 22.8 2.6 x 1078 28.5 1.5 x 1078
(311) 14.6 4.5 x 1077 18.1 3.3 x 1077
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