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Abstract: This paper introduces the characteristics and generation of the synchrotron radiation (SR). SR
has the very high spectral brilliance, broad spectral range, X-ray wavelength tunability, high degree of
polarization and collimation, and pulsed time structure. Also describes the technologies to apply in the
fields of geology and environmental sciences. These include X-ray tomography, XRF, EXAFS, XANES,
DAC, LVP experiments. Further, nuclear power generation and nuclear waste disposal methods are
mentioned relating to energy. Using these, analyses of the chemistry, crystal structure and chemical
combining states of minerals and rocks can be carried out. Applications in the fields of the economic
geology, paleontology and environmental sciences are open too. Informations of the Earth interior
materials’ behavior under high pressure-temperature can be acquired.
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Table 1. World’s accelerators and synchrotron radiation sources (year of 2001)

Advanced Light Source (ALS)

Argonne National Laboratory (ANL)
Advanced Photon Source (APS)

Brookhaven National Laboratory (BNL)
National Synchrotron Light Source (NSLS)
Fermi National Accelerator Laboratory (FNAL)

USA National Synchrotron Light Laboratory (NSLL)
Comell High Energy Synchrotron Source (CHESS)
Stanford Linear Accelerator Center (SLAC)
Stanford Synchrotron Radiation Laboratory (SSRL)
Synchrotron Radiation Center (SRC)
Center for Advanced Microstructures and Devices (CAMD)
Deutsches Elektronen Synchrotron (DESY)
Germany Dortmund ELectron Test Accelerator (DELTA)
Berliner Elektronenspecherring-Gesellschaft for Synchrotronstrahlung (BESSY)
UK Daresbury Synchrotron Light Source (DSLS)
Swizerland Swiss Synchrotron Light Source (SLS)
Ttaly Elettra in Trieste (ELETTRA)
France European Synchrotron Radiation Facility (ESRF)
India (Center of Advanced Technology) (INDUS)
Brazil Laboratorio Nacional de Luz Sincrotron (LNLS)
Sweden MAX-Lab (ML)
Korea Pohang Light Source (PLS)
China Beijing Synchrotron Radiation Facility (BSRF)
Taiwan Synchrotron Radiation Research Center (SRRC)
Canada Saskatchewan Accelerator Laboratory (SAL)
Denmark Institute for Storage Ring Facility (ISRF)
Russia Siberian Synchrotron Radiation Center (SSRC)
Spain Synchrotron Laboratory at Barcelona (LSB)
Institute of Physical and Chemical Research (SPring-8)
Japan National Laboratory for High Energy Physics (KEK)

Photon Factory (PF)
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Fig. 1. History of X-ray sources, beam brilliance .versus
time. Extrapolated line based on the first X-ray discov-
ery and generations of 1%, 2" and 3™, respectively pre-
dicts the birth of the 4™ generation free electron lasers
(FELs) in 20 years.
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Fig. 2. A schematic configuration of the X-ray radiogra-
phy. Transmitted X-ray is converted to the visible light
through phosphor. Specimen rotates on the rotary stage.
X-ray image can be stored at the CCD camera after
objective microscope.
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Fig. 3. CMT image of the fossil Fusinus exilis at Eocene.
Height of this fossil is 20 mm and X-ray beam size of 3
mm was radiated and reconstructed.
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Fig. 4. A schematic configuration of the synchrotron
radiation total reflection X-ray fluorescence spectrome-
try. Two focussing mirrors of the Kirkpatrick-Baez are
used to make the incident beam of 300*300 Lun to the
1*1 um. Si(Li)-solid state detector collects XRF data.
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Fig. 5. Johansson geometry Rowland circle in the micro
X-ray fluorescence analysis. Bent crystal analyzer focuses
X-radiation to the detector. Detector is the Tandem pro-
portional counter.
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Fig. 6. Co thin film K absorption edge spectrum
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Fig. 7. A cross section of the diamond anvil cell. Com-
bined with YAG laser, sample can be heated up to 7,000
K. Gasket between two diamonds holds sample. EDS
stands for energy dispersive spectrum.
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CCD camera

Fig. 8. A cross section of the large volume press. X-ray
penetrates between anvils. Ge-solid state detector detects
the diffracted X-radiations. Sample chamber can be
monitored using phospor (i.e, YAG crystal) with CCD
camera.
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Fig. 9. A cross sectional view of the apparatus to mea-
sure the viscosity of melt at left hand side. For example,
three metal spheres of tungsten (W), palladium (Pd) and
platinum (Pt) are shown for measurement of drop veloc-
ities. Viscosity of melt can be derived from the terminal
velocity relation due to the density difference of metal
spheres.
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