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Fig. 1.1. Radiograms of the 
F-treated rat bone sections 
(upper) and non-treated rat 
bone sections (lower). Left: 
X-ray energy: 7.0 KeV (1.77 

). Right: X-ray energy; 
10.0 KeV (1.24 ). The left 
radiogram showed the clearer 
images of rat bone sections 
than the right one.
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Fig. 1.2.1. Photographs of the fossil Titanosaurus egg shell section. 

Fig. 1.2.2. LEBRA-PXR radiograms of the Titanosaurus egg shell sections. 

Left: X-ray energy; 16.0 KeV (0.775 ). Right: X-ray energy 16.2 KeV (0.765 ).
X-ray absorption K edge for Sr is 16.10 KeV (0.7699 ). The higher the X-ray energy, the greater the X-ray 
absorption of the interested material.  Note the left and right ends of the arrows. 
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Fig. 1.3.1 LEBRA-PXR XRD pattern for the Graphite and mineral Quartz crystals. 
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2-1) LEBRA-FEL

Fig. 2.1. Irradiation of 2.94 m LEBRA-FEL on the human tooth enamel and dentin. 
Numbers in the figure were the numbers of LEBRA-FEL shot. The depth of pit was in relation to the number 
of shot.  No apparent scorch was observed on the pits both at the enamel and dentin. 



Fig. 2.2. Micro-XRD patterns of the irradiated 
and non-irradiated enamel showed that there was 
no crystallographic change. 

Fig. 2.3. Reference study using a 2.94 m Er:YAG 
laser showed that there were apparent scorches in 
the irradiation pits of dentin.
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Fig. 4.1. PSPC micro-XRD pattern for the 
Titanosaurs egg shell. 



Fig 5.1. A) XRD-IP image of the enamel sample #1. 
The numbers in the figure were the reflection indexes of apatite. Note all the reflections were in the arc form. 
The lower-right half was the portion of the shadow by the sample holder stage. The shadow of the beam 
stopper was seen at the right-upper direction. These shadows were common in this study. B) Radar chart for 
the intensity distribution of the 002 reflection, bold line, and the 300 reflection, dashed line, in Fig. 1A. The 
numbers were the intensity. 

Fig. 5.1. C) XRD-IP image of the enamel sample #1. 

The sample was rotated 90 degrees around the sample rotation axis  from the position in Fig. 1A.  D) 
Radar chart for the intensity distribution of the 002 reflection, bold line, and 300 reflection, dashed line, in 
Fig. 1C. Note the intensity of the 300 reflection was not even at the opposite side. 
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