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Abstract
Diamond single crystals that are commercially available were tested for a double-crystal system of the X-ray source

based on parametric X-ray radiation (PXR) at the Laboratory for Electron Beam Research and Application (LEBRA),
Nihon University. Since a diamond crystal has a smaller spacing of crystal planes than a silicon crystal, higher energy
X-rays can be obtained from the diamond crystal as a PXR radiator at the same Bragg angle. Although the size of the
diamond single crystals used in this experiment was not sufficient for the 2nd crystal of the LEBRA-PXR source, a tunable
PXR beam from the diamond crystal was successfully observed and X-ray imaging was carried out using the PXR beam
up to 60 keV. When the propagation distance between the sample and the detector was 4 m, the image contrast improved
probably due to the propagation-based phase-contrast effect. Except the problem on the target destruction, the result
suggests that diamond crystals have good properties as a radiator for high energy PXR.
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Table 1

Table 1: Characteristics of synthetic diamond single crystal

Diamond type type Ib

Lattice constant 3.567 Å (25◦C)

Density 3.515 g/cm3 (25◦C)

Impurity (Nitrogen) 1 ∼ 102 ppm

Electric resistivity 1014
Ω·m

Thermal conductivity < 2000 W/m·K
Crystal dimension

Target crystal: 5 mm × 5 mm × 1 mmt

2nd crystal: (6∼7 mm)2 × 2 mmt

Main crystal face direction (100)
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Figure 1: The results of X-ray imaging for the direct beam
(left) and a laser pointer (right) using the 40-keV PXR
beam. Each exposure time was 5 min using an imaging
plate (IP).
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Figure 2: The results of X-ray imaging for a laser pointer
(left) and a mouse device (right) using the 40-keV PXR
beam. Each exposure time was 15 min using an IP.

Figure 3: The results of X-ray imaging for a laser pointer
(left) and a mouse device (right) using the 50-keV PXR
beam. Each exposure time was 15 min using an IP.
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Figure 4: (a) Discontinuous and irreversible trip of the PXR
intensity recorded at 34 keV. (b) Comparison between the
rocking curves at the 2nd crystal before and after the inten-
sity trip.
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Figure 5: The result of the propagation-based phase-
contrast imaging using the 40-keV PXR beam; upper: 0-m
propagation, lower: 4-m propagation. Each exposure time
was 30 min using an IP.
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Figure 6: The results of X-ray imaging for a laser pointer
(left) and a digital camera (right) using the 61-keV PXR
beam. Each exposure time was 30 min using an IP.
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Figure 7: Photographs of the target crystal after the experi-
ment, in which the crystal was irradiated with the 100-MeV
electron beam from the linac.

Fig. 7
( )

PXR

1 mm

PXR
2

5 .
LEBRA-PXR 2

PXR

(400)
34 keV PXR

X
X

61 keV
PXR

40 keV
X

X PXR

[1] , 6 (2009) 166.
[2] Y. Takahashi, Y. Hayakawa, et al., X-Ray Spectrom. 41

(2012) 210, doi: 10.1002/xrs.2403.
[3] M. Inagaki, Y. Hayakawa, et al., Jpn. J. Appl. Phys. 47

(2008) 8081, doi: 10.1143/JJAP.47.8081.
[4] Y. Hayakawa, I. Sato, K. Hayakawa, T. Tanaka,

Nucl. Instrum. and Meth. B 227 (2005) 32, doi:
10.1016/j.nimb.2004.06.028.

[5] Y. Hayakawa, K. Hayakawa, et al., Proceed-
ings of the 6th Annual Meeting of Particle Ac-
celerator Society of Japan, Tokai (2009) 748,
http://www.pasj.jp/web publish/pasj6/papers/toapa01.pdf

[6] Yu. Adishchev, V. G. Baryshevsky, et al., Sov. Phys. JETP
Lett. 41 (1985) 361.

[7] Y. Hayakawa, K. Hayakawa, et al., Nucl. Instrum. and Meth.
B 266 (2008) 3758, doi: 10.1016/j.nimb.2008.02.042.

[8] Y. HAYAKAWA, K. HAYAKAWA, et al., IL NUOVO CI-
MENTO 34C (2011) 253, doi: 10.1393/ncc/i2011-10910-2.

[9] Y. Hayakawa, K. Hayakawa, et al., Proceedings of the 7th
Annual Meeting of Particle Accelerator Society of Japan,
Himeji (2010) 788, http://www.pasj.jp/web publish/pasj7/
proceedings/P 5PM/P EH 5PM/THPS009.pdf

Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan) 

- 1225 -




